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Ministry  of  the  Environment, 
1  St.  Clair  Avenue  West, 
Toronto,  Ontario. 
M4V  1P5 


Attention:  Mr.  W.  Wong, 

Water  Resources  Branch 

Dear  Sirs: 

Re:   Number  River  Watershed  Pilot  Watershed  Project 
GLAL  83-56 


We  are    pleased  to  forward  the  Final  Report  for  the  Number 
River  Watershed  Pilot  Watershed  project.  The  report  and  its 
Technical  Appendix  cover  the  documentation  of  the  project 
noted  above  and  the  Snowmelt  Project  that  followed.  The 
information  gathered  during  these  projects  is  the  technical 
basis  of  Toronto  SLAMM,  currently  in  preparation. 

The  report  has  been  completed  mainly  by  Robert  Pitt  with 
technical  and  editorial  support  from  Gartner  Lee  Associates 
Limited.  It  is  based  on  the  draft  report  reviewed  by  MOE 
staff  in  1984,  and  addresses  comments  made  during  the  review. 
It  includes  the  results  of  the  Snowmelt  Project. 

We  trust  that  you  will  find  this  report  useful  in  developing 
urban  runoff  strategies  for  the  Toronto  area. 

Yours  very  truly, 

GARTN-eR  LEE  ASSOCIATES  LIMITED 


D.  S.  O^smond,  B.Sc.,  Agr., 
Project  Director. 

JJM:dc 

cc:  Robert  Pitt 
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This  report  was  prepared  by  Robert  Pitt  and  Gartner  Lee   Associates 
Limited  (GLAL)  as  part  of  their  contract  with  the  Ontario  Ministry 
of  the  Environment  (MOED  to  conduct  the  Humber  River  Pilot 
Watershed  Study.  The  Humber  River  Pilot  Watershed  Study  is  part  of 
the  Toronto  Area  Watershed  Management  Study  (TAWMS).  This  Pilot 
Wa  tershed  Report  also  includes  selected  s  umma  ries  of  the  results  of 
several  related  studies  conducted  for  the  MOB  by  the  same  study 
team.  Previous  reports  prepared  and  submitted  to  the  MOE  documented 
the  modelling  procedures  used,  the  land  use  characteristics  for  the 
study  area,  and  the  performance  of  the  candidate  control  measures. 
These  reports  Included: 

"Particulate  Accumulation  and  Washoff  Relationships" 
by  Robert  Pitt,  June  15,   1984. 

" S  umma  ry  of  Toronto  Area  Rainfall  Analyses"  by  Robert 
Pitt,  June  24,   1  984  . 
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"Urban  Runoff  Controls  Manual  of  Practice  - 
for  use  with  To r on t o /S LAMM"  by  Robert  Pitt, 
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"Toronto  /  Source  Loading  and  Management  Model  - 
Operations  Manual"  by  Robert  Pitt,  June  7,  1985. 

"Land  Use  Characteristics  for  the  Humber  River 
Study  Area"  by  Robert  Pitt  in  conjunction  with 
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"Toronto  /  Source  Loading  and  Management  Model  - 
Supplement  to  Operations  Manual"  by  Robert  Pitt, 
Oc  t obe  r  7 ,   1 985  . 

"Toronto  /  Source  Loading  and  Management  Model  - 
Sensitivity  Analysis"  by  Robert  Pitt,  October  13,  1985. 

This  final  Pilot  Watershed  Study  Report  therefore  relies  on  many 
related  efforts.  It  does  not  completely  summarize  these  previously 
submitted  reports.  Instead,  the  interested  reader  is  referred  to 
the  reports  listed  above  for  more  detailed  information. 


X  I 


ABSTRACT 


The  Number  River  Pilot  Watershed  Project  was  part  of  the  Toronto 
Watershed  Management  Study  CTAWMS).  The  objectives  of  this  Pilot 
Watershed  Project  were  to: 

1)    obtain  significant  outfall  characterization  data  for 
stormwater  from  a  variety  of  land  uses  in  the  urban 
Number  River  catchment, 

2J    determine  the  important  land  surface  sources  for  a 

variety  of  pollutants  for  each  of  the  land  uses  studied, 
and 

3)  identify  potential  stormwater  controls  that  would  be 
applicable  for  each  land  use  studied  for  Toronto 
conditions. 

4)  The  scope  of  the  project  was  later  expanded  to  examine 
snowmelt  runoff  as  a  potential  pollutant  source. 


The  project  involved  intensive  mo 
were  known  as  Emery,  an  Industrie 
ha,  and  Thistledown,  a  mixed  resi 
of  approximately  39  ha.  Warm  weat 
monitored  for  a  total  of  approxim 
and  November,  1983.  Monitoring  in 
sampling  and  continuous  flow  meas 
obtained  on  an  approximately  week 
catchment  and  approximately  every 
commercial  catchment.  Many  water 
for  all  of  the  events,  including 
heavy  metal,  and  bacteria  polluta 
analysed  for  major  ions,  dissolve 
and  organic  "priority"  pollutants 


nitoring  in  two  test  areas.  These 
I  catchment  of  approximately  154 
dential  and  commercial  catchment 
her  stormwater  runoff  quality  was 
ately  60  storm  events  between   May 
eluded  automatic  water  quality 
urements.  Baseflow  samples  were 
ly  basis  in  the  industrial 

two  weeks  in  the  residential  / 
quality  constituents  were  analysed 
common  residue  (solid),  nutrient, 
nts.  Selected  samples  were  also 
d  metals,  pesticides  and  phenols, 


Approximately  70  warm  weather 
many  source  areas  (e.g.  roofs 
parking  and  storage  areas,  dr 
gutters)  during  three  storms, 
supplemented  with  dry  particu 
source  areas.  The  particulate 


sheetflow  samples  were  obtained  from 
landscaped  areas,  paved  and  unpaved 
veways,  walkways,  streets,  and 
These  sheetflow  samples  were 
ate  samples  obtained  from  the  same 
samples  were  analysed  for  the  major 


pollutants  as  a  function  of  particle  size. 

A  series  of  special  paved  area  washoff  tests  were  conducted  to 
determine  the  relationships  between  the  dry  particulates  found  on 
the  paved  areas,  the  sheetflow  runoff  quality,  and  the  outfall 
s  t  o  r  mw  ater  runoff  quality. 

Special  street  dirt  accumulation  measurements  were  made  for  a  one 
month  interval  on  an  industrial  street  and  on  a  residential  street 
The  street  dirt  loadings  were  observed  every  few  days,   including 


X  I 


I  mm  ediately  before  and  after  a  series  of  initial   intensive  street 
cleaningsandperiodicrainevents. 

An  expansion  of  the  scope  of  the  Pilot  Watershed  Project  to  include 
snowmelt  runoff  was  added  later.  The  same  two  study  areas  were 
monitored  between  January  and  March,   1984.  A  total  of  33  snowmelt 
events  and  14  periods  of  cold  weather  baseflow  were  monitored  for 
water  quality  with  continuous  flow  monitoring.  The  same  water 
quality  constituents  that  were  analysed  during  warm  weather  samples 
were  also  generally  analysed  during  cold  weather  periods. 
Approximately  100  snowmelt  sheetf  low  samples  were  also  obtained 
from  the  same  general   locations  as  the  warm  weather  sheetf  low 
s  amp  I e  s  . 

These  source  area  and  washoff  test  results  were  later  used  (along 
with  information  obtained  fr  cm  earlier  urban  runoff  studies)  in 
another  related  study  for  the  Ontario  Ministry  of  the  Environment 
to  prepare  the  Toronto  /  Source  Loading  and  Management  Model 
( To  r  on  t o/SLAMM)  . 

This  final  report  supersedes  the  draft  pilot  watershed  report 
submitted  to  the  MOE  in  November,   1984.   It  also  includes 
appropriate  su  mm  aries  of  several   interim  technical   reports 
submitted  as  part  of  the  project  with  the  MOE  to  develop  and  use 
Tor  on  t o/SLAMM. 


EXECUTIVE  SUMMARY 


1  .0    INTRODUCTION  AND  SUMMARY 

1 . 1    INTRODUCT ION 

Recent  Ministry  of  the  Environment  (MOED  studies  of  the  water 
quality  in  the  Number  River  and  along  the  Lake  Ontario  waterfront 
within  the  Regional  Municipality  of  Metropolitan  Toronto  (Metro) 
have  shown  that  the  impact  of  the  urban  tributary  watersheds  on 
Lake  Ontario  nearshore  water   is  substantial. 

The  Toronto  Area  Watershed  Management  Study  (TAWMS)  was  initiated 
in  1981  to  develop  a  management  strategy  for  pollution  control 
within  the  tributary  watersheds  and  along  the  lakeshore.  TAWMS  is  a 
cooperative  multidisciplinary  study  supported  by  the  Ministry  of 
the  Environment,  metropolitan  and  municipal  governments,  and  the 
Metropolitan  Toronto  and  Region  Conservation  Authority  (MTRCA). 

This  Pilot  Watershed  Project  was  designed  to  investigate  the 
sources  of  contamination  in  storm  water  originating  within  the 
urban  landscape.  The  identification  of  source  areas  contributing 
potential  problem  pollutants  and  flows  of  storm  water  was  addressed 
in  detail  during  this  project.  The  information  collected  during 
this  Project  specifically  addresses  three  topics  that  are  required 
for  the  design  of  an  urban  runoff  program.  The  first  topic  concerns 
the  documentation  of  existing  or  potential  urban  runoff  problems. 
The  second  topic  describes  the  sources  of  the  problem  pollutants. 
The  third  topic  identifies  potential  control  measures  that  can  be 
used  to  reduce  discharges  of  problem  pollutants. 

Two  pilot  watersheds  were  selected  for  study;  one  in  the  industrial 
Emery  Creek  neighbourhood  and  the  other  in  the  predominantly 
residential  neighbourhood  of  Thistledown.  The  locations  of  these 
catchments  are  shown  on  the  Key  and  Site  Maps  of  Figures  1.1 
through  1.5. 

The  study  consisted  of  a  series  of  data  gathering  activities 
designed  to  investigate  the  several  wa s ho f f / r uno f f  subsystems  that 
can  be  aggregated  together  into  the  hydraulic  system  of  storm  water 
drainage  in  an  urban  watershed. 

Dry  weather  source  area  particle  sampling  was  conducted  to  quantify 
the  potential  contaminant  load  available  from  the  many  land 
surfaces  or  source  areas  within  the  urban  watershed.  A  large  number 
of  land  surfaces  were  sampled  to  quantify  the  quality  and  magnitude 
of  source  area  pollutants  available  for  washoff,  and  thus,  possible 
control.  These  surfaces  included  different  pavement  surfaces  with  a 
variety  of  textures  and  conditions. 

The  rate  at  which  dirt  particles  accumulate  on  a  street  surface 
affects  the  load  of  contaminants  in  runoff  from  this  source,  and 
was  monitored.  The  effects  of  mechanical  street  cleaning  on  street 
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dirt  accumulation  rates  were  also  monitored  in  residential  and 
industrial   land  uses. 

Washoff  tests,  using  artificial  rain  making  equipment,  were  used  to 
Identify  and  quantify  the  factors  that  govern  the  physical 
mechanisms  of  the  washoff  of  street  dirt  from  impervious  (paved) 
surfaces.  The  mathematical  expression  of  washoff  is  critical   for 
the  accurate  simulation  of  urban  runoff  quality. 

Sheetflow  water  samples  were  collected  from  many  source  areas 
during  runoff  events  and  during  periods  of  snowmelt  to  verify  the 
importance  of  these  sources. 

The  distribution  of  contaminants  in  roadside  snow  accumulations  was 
also  investigated  to  estimate  the  extent  of  snow  contamination 
related  to  traffic  in  urban  snow  packs. 

Water  quality  and  flow  rates  were  monitored  at  the  outfall  during 
many  storm  events,  snowmelt  events  and  periods  of  baseflow  as  the 
final   link  in  the  hydraulic  system  of  the  two  test  catchments. 
Hydrographs  of  urban  runoff  from  storm  water,  snowmelt  and 
baseflow,  and  rain  hyetographs  were  analysed  in  conjunction  with 
the  water  quality  data  to  determine  overall   loads  of  selected 
contaminants  to  the  receiving  waters. 

1 . 2   REPORT  STRUCTURE 

This  report  is  divided  into  seven  sections.  Each  section  has  a 
selection  of  tables  and  figures  to  illustrate  the  text.  The  larger 
and  /  or  more  detailed  tables  and  figures  have  been  aggregated  into 
seven  technical  appendices,   in  a  separate  volume. 

Section  1  contains  an  Introduction  to  the  project  with  the 

background  to  the  approach  taken  by  the  study  team. 
Included  in  this  section  is  a  Summa  ry  of  the  results  of 
the  study.  The  methodology  of  the  study  is  described 
separately  in  Appendix  A. 


Section  2  contains  the  Conclusions  and  Recommendations 
been  drawn  from  the  study. 


that  have 


Section  3  contains  site  descriptions  of  the  two  watersheds  that 

were  studied.  The  details  of  the  characteristics  of  the 
individual  watersheds  are  given  in  Appendix  B. 

Section  4  describes  the  analysis  of  the  precipitation  and  runoff 
data  for  this  project.   Included  is  a  description  of  the 
statistical  development  of  a  hydraulic  model  to 
characterise  the  response  of  the  watersheds  to 
precipi  tat  ion. 


Precipitation  is  a  very  important  independent  variable 
that  IS  of  paramount  importance  to  a  water  quality  study 
During  this  Project  the  study  team  undertook  an 


exhaustive  characterization  of  the  precipitation  in  the 
Toronto  area.  The  description  of  the  rainfall  variation 
over  Toronto  and  its  effect  on  the  raingauge  calibration 
IS  given  in  Appendix  C.  The  details  of  the  rainfall  and 
runoff  flow  data  is  given   in  Appendix  D. 

The  results  of  the  hydraulic  aspects  of  the  washotf  tests 
using  artificial  rain  are  described  in  this  section. 

Section  5  contains  the  description  of  the  quality  of  the  runoff 
sampled  during  the  study.   Included  are  the 

characterization  of  both  baseflow  and  stor  mwa  t  e  r  ,  during 
both  cold  and  warm  weather  and  sheetflow  from  both 
s  n  owme It  and  rain  events  in  both  watersheds,   the  results 
are  described  in  terms  of  concentrations  of  water  quality 
constituents  and  yields.  A  comparison  to  Ontario 
Provincial  Wa  ter  Quality  Objectives  is  given. 

The  detailed  data  to  support  this  section  are  contained 
in  Appendix  E. 

Section  6  describes  the  areas  within  different  landuses  that  are 
sources  of  a  range  of  water  pollutants.   Included  is 
further  discussions  of  the  sheetflow  quality,  the  quality 
of  dry  particulates  within  the  watershed  and  the 
"quality"  aspects  of  the  washoff  tests. 

The  detailed  data  to  support  this  section  is  contained  in 
Appendix  F. 

Section  7  describes  some  of  the  potential  options  that  could  be 

applied  to  the  watersheds  to  control   the  contamination  of 
storm  water.   Included  are  the  results  of  the  street 
cleaning  tests.  The  effects  and  the  relative  costs  of  the 
options  are  briefly  described. 

This  section  is  supported  by  Appendix  G. 

Section  8  contains  the  references  used  in  this  Report. 

1 . 3   BACKGROUND 

The  underlying  structure  of  this  Project  has  been  based  on  the 
three  topics  of: 

1)  problem  pollutants, 

2)  sources  of  problem  pollutants,  and 

3)  controls  on  urban  runoff. 

The  problem  pollutant  identification  process  was  briefly  addressed 
during  this  current  project,  but  was  examined  in  more  detail  by 
other  T AWMS  projects.  Problems  with  pollutants  must  be  well 


described.  Which  pollutants  (or  flows)  are  creating,  or  have  the 
potential  to  create  interferences  with  established  or  desired 
beneficial  uses?  Where  do  these  problems  occur  and  during  what 
condi  t  ions? 

Urban  runoff  includes  warm  and  cold  weather  dry  weather  basef  lows, 
stormwater  runoff,  and  snowmelt.  Warm  and  cold  weather  sheetf lows 
from  the  source  areas  defined  the  runoff  conditions.  The  data  were 
analysed  to  identify  trends  with  time,  rain  characteristics,  and 
land  use.  The  concentrations  observed  were  compared  with  Ontario 
Provincial  Surface  Water  Objectives  to  determine  if  the  urban 
runoff  may  contribute  to  violations  of  the  objectives  in  the 
receiving  waters.  Pollutant  loadings  were  also  calculated  to  aid  in 
assessing  the  relative  significance  of  different  pollutants. 

The  identification  of  source  areas  contributing  potential  problem 
pollutants  and  flows  of  storm  water  was  addressed  in  detail  during 
this  project. 

A  thorough  discussion  of  alternative  urban  runoff  controls  was 
presented  in  the  "Manual  of  Practice"  prepared  as  part  of  this 
project  and  the  project  to  develop  the  Toronto  /  Source  Loading  and 
Management  Model  (Toronto  /  SLAMM).  The  results  of  these  other 
projects  are  partially  su  mm  arized  in  this  report. 

The  analysis  of  the  data  was  undertaken  with  the  objective  of 
characterizing  the  quality  of  the  runoff  from  the  several  source 
areas  within  urban  watersheds.   It  was  designed  to  highlight  the 
significant  variables  in  the  flow  system.  The  outcome  of  the 
analysis  is  a  qualitative  description  of  where  the  current  problems 
lie  within  the  two  Pilot  Watersheds  and  the  quantification  of  the 
yield  in  terms  of  the  significant  hydraulic  and  contaminant 
V  a  r  I  a  b  I  e  s  . 

The  use  of  mathematical  expressions  for  the  yield  has  allowed  the 
outcome  to  be  statistically  tested  against  the  original  field  data. 
The  equations  derived  from  these  analyses  can  be  used  with  other 
related  projects  and  the  development  of  a  computerized  model  to 
simulate  the  quality  of  storm  water  flowing  from  urban  watersheds. 
The  model  based  on  this  Pilot  Watershed  Project  is  the  Toronto  / 
Source  Loading  and  Management  Model  (Toronto  /  SLAMM),  currently  in 
preparat  ion. 

1 . 4   TERMINOLOGY 

Some  of  the  technical  expressions  use  in  this  report  have  a  variety 

of  synonyms,  also  used  occasionally.  This  subsection  is  written  to 

clarify  the  extent  to  which  some  of  the  terms  can  be  used  as 
generic  descriptors. 


The  words  "watershed",  "catchment",  and  "sewershed"  are  considered 
to  be  synonymous,  with  similar  scales  of  magnitude  within  this 
report.  A  "drainage  basin"  is  used  in  a  similar  sense  to  the  words 
listed  above,  but  on  a  larger  scale. 


The  expressions  "total  residue",  "particulate  residue"  and 
"filtrate  residue"  are  defined  by  the  laboratory  procedures  used, 
and  replace  the  older  terms  "total  solids",  "suspended  solids"  and 
"dissolved  solids",  respectively. 

Generally,  metric  units  are  used.  However,  readers  are  cautioned 
that  some  of  the  figures  have  been  quoted  from  American 
publications  and,  consequently,  may  have  imperial  units. 

1 . 5  SUMMARY 

The  information  collected  during  this  Pilot  Watershed  Project 
specifically  addresses  three  topics  that  are  required  for  the 
characterization  of  sto  r mwa  ter  quality  and  the  design  of  an  urban 
runoff  quality  progra  mm  e.  The  first  topic  concerns  the 
documentation  of  existing  or  potential  urban  runoff  quality  problem 
pollutants.  The  second  topic  describes  the  sources  of  the  problem 
pollutants.  The  third  topic  identifies  potential  control  measures 
that  can  reduce  discharges  of  problem  pollutants. 

1.5.1  PROBLEM  POLLUTANTS 

Table  1.1  shows  median  concentrations  of  some  of  the  pollutants 
monitored  in  the  Thistledown  (mixed  residential  and  co  mm  e  r  c i a  I 
catchment)  and  Emery  (industrial)  baseflow  discharges,  stormwater 
runoff  and  s  nowme It.  The  baseflows  had  surprisingly  high 
concentrations  of  several  pollutants,  e.g.  filtrate  residue  and 
fecal  coliforms  from  the  residential  catchment.  The  concentrations 
of  some  constituents  in  the  stormwater  from  the  industrial 
watershed  were  typically  much  greater  than  the  concentrations  of 
the  same  constituents  in  the  residential  stor  mwa  ter.  The  industrial 
warm  weather  baseflows  were  also  much  closer  in  quality  to  the 
industrial  sto  rmwa  ter  quality  than  the  residential  baseflows  were 
to  the  residential  stor  mw  ater  quality.  The  data  collected  for 
pesticides  and  PCBs  indicate  that  the  industrial  sto  rmwa  ter  and 
baseflows  typically  contained  much  greater  concentrations  of  these 
pollutants  than  the  residential  waters.  Similarly,  the  more 
commonly  analysed  heavy  metals  were  also  more  prevalent  in  the 
industrial  stormwater.  Herbicides  were  only  defected  in  residential 
urban  runoff. 

During  cold  weather,  the  increases  in  filtrate  residue  were  quite 
apparent  for  both  study  catchments  and  for  both  baseflows  and 
s  n  owme It.  These  increases  were  probably  caused  by  high  chlorides 
from  road  salt  applications.  In  contrast,  bacteria  populations  were 
noticeably  lower  in  all  outfall  discharges  during  cold  weather.  Few 
changes  were  noted  in  concentrations  of  nutrients  and  heavy  metals 
at  the  outfall,  between  cold  and  warm  weather  periods. 

Table  1.2  compares  the  observed  urban  runoff  quality  with 
the  Ontario  Provincial  Surface  Wa  ter  Quality  Objectives.  This  table 
shows  the  Objectives,  and  summaries  of  the  observed  data.  The 
number  of  samples  analysed  for  each  water  quality  constituent  is 
given  (or  each  sampling  site  and  "type"  of  urban  runoff.  A  weighted 


Table  1.1   MEDIAN  CONCENTRATIONS  OBSERVED  (niR/L)  FOR  SEVERAL  CONSTITUENTS 
MONITORED 


Warm  Weather 

Warm  Weather 

Base 

flow 

Storm 

water 

Constituent 

Residential 

Industrial 

Residential 

Industrial 

Total  Residue 

979 

554 

256 

371 

Filterable  Residue 

973 

454 

230 

208 

Particulate  Residue 

§5 

43 

22 

117 

Total  Phosphorus 

0.09 

0.73 

0.28 

0.75 

Total  Kjeldahl  N 

0.9 

2.4 

2.5 

2.0 

Phenolics  (ug/L) 

§1.5 

2.0 

1.2 

5.1 

COD 

22 

108 

55 

106 

Fecal  Conforms  (///lOOmL) 

33,000 

7,000 

40,000 

49,000 

Fecal  Strep  (#/100mL) 

2,300 

8,800 

20,000 

39,000 

Chromium 

§0.06 

0.42 

§0.06 

0.32 

Copper 

0.02 

0.045 

0.03 

0.06 

Lead 

§0.04 

§0.04 

§0.06 

0.08 

Zinc 

0.04 

0.18 

0.06 

0.19 

Cold  We 

ather 

Cold  Weather 

Basef low 

Melting 

Periods 

Constituent 

Residential 

Industrial 

Residential 

Industrial 

Total  Residue 

2,230 

1,080 

1,580 

1,340 

Filterable  Residue 

2,210 

1,020 

1,530 

1,240 

Particulate  Residue 

21 

50 

30 

95 

Total  Phosphorus 

0.18 

0.34 

0.23 

0.50 

Total  Kjeldahl  N 

l.A 

2.0 

1.7 

2.5 

Phenolics  (ug/L) 

2.0 

7.3 

2.5 

15.0 

COD 

48 

68 

40 

94 

Fecal  Conforms  (///lOOnL) 

9,800 

400 

2,320 

300 

Fecal  Strep  (///lOOmL) 

1,400 

2,400 

l.QOO 

2,500 

Chromium 

§0.01 

0.24 

§0.01 

0.35 

Copper 

0.015 

0.04 

0.04 

0.07 

Lead 

§0.06 

§0.04 

0.09 

0.08 

Zinc 

0.065 

0.15 

0.12 

0.31 

Note:  §  means  "less  than". 
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annual  condition  (by  period  of  occurrence)  is  included  on  this 
table.  A  total  of  ten  to  92  analyses  were  conducted  for  each  of  the 
listed  constituents  in  the  runoff  waters  from  each  pilot  watershed. 
Few  cold  weather  baseflow  and  snowmelt  samples,  and  few  residential 
baseflow  samples,  were  analysed  for  pesticides  and  PCBs  in  either 
study  area.  However,  the  relatively  frequent  occurrence  of  high 
concentrations  of  PCBs  in  the  stormwater  and  snowmelt  from  the 
industrial  watershed  should  be  cause  for  future  studies. 

Fecal  coliforms  always  exceeded  the  objective  in  warm  and  cold 
weather  basef  lows  and  stormwater  from  both  watersheds.  Fecal 
colitorm  counts  in  the  sn  owme It  from  the  industrial  watershed 
exceeded  the  objective  approximately  70  percent  of  the  time. 
Phenol  ics,  zinc,  chromium,  and  copper  concentrations  nearly  always 
exceeded  the  objectives  in  the  warm  and  cold  weather  baseflows, 
s  t  o  r  mwa  t  e  r  and  s  n  owme Its  from  the  industrial  watershed.  Phenol  ics, 
copper,   lead,  and  zinc  concentrations  frequently  exceeded  the 
objectives  during  all  urban  runoff  flow  conditions  from  the 
residential  watershed.  Potential  problems  with  the  concentrations 
of  chromium  were  restricted  to  the  industrial  watershed,  especially 
during  baseflows.  The  few  samples  analysed  for  Dieldrin  indicated  a 
potential  problem  in  the  residential  /  comme  rcial  catchment. 

Table  1.3  s  umma  rizes  similar  "exceedance  of  objective"  information 
for  sheetflows  from  cold  and  warm  weather  source  areas  from  both 
watersheds.  Almost  all  constituents  compared  on  this  table  (for 
both  land  uses)  exceeded  the  objectives  frequently.  The  exception 
was  chromium  which  had  fewer  " e x c ee dan c e s "  during  both  warm  and 
cold  weather  conditions  and  in  sheetflow  from  almost  all  source 
areas.  However,  chromium  frequently  exceeded  the  Objectives  in 
sheetflow  originating  on  large  paved  areas.  Significant  decreases 
in  the  potential  for  fecal  coliform  problems  were  noted  in  the 
industrial  watershed  during  cold  weather  conditions  (compared  to 
warm  weather  conditions). 

1.5.2  SOURCES  OF  PROBLEM  POLLUTANTS 

Table  1.4  compares  the  estimated  annual  discharges  from  the 
residential  and  industrial  catchments  during  the  different  runoff 
periods.  The  unit  area  annual  yields  for  many  of  the  heavy  metals 
and  nutrients  are  greater  from  the  industrial  catchment.  The 
industrial  catchment  monitored  corresponds  in  character  to 
approximately  25  percent  of  the  urban  Humber  watershed  and  the 
residential  catchment  corresponds  to  approximately  76  percent. 
Industrial  catchments  contribute  most  of  the  chromium  to  the  local 
receiving  waters,  and  approximately  equal  amounts  with  the  residen- 
tial and  commercial  catchments  for  phosphorus,  COD,  copper,  and 
zinc.  This  table  also  shows  the  great  importance  of  warm  weather 
baseflow  discharges  to  the  annual  urban  runoff  pollutant  yields, 
especially  for  industrial  areas.  Cold  weather  bacteria  discharges 
are  insignificant  when  compared  to  the  warm  weather  bacteria 
discharges,  but  chloride  (and  filtrate  residue)  loadings  are  much 
more  important  during  cold  weather. 
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Tables  1.5  and  1.6  su  mm  arize  the  sheetflow  concentrations  observed 
during  warm  and  cold  weather.   In  some  cases,   the  concentrations 
observed  were  not  sufficient  to  account  for  the  concentrations 
observed  at  the  outfall.  This  may  be  due  to  significant  subsurface 
sources  of  pollutants,  such  as  leaking  sanitary  sewerage,  or 
industrial  discharges  to  the  storm  drainage  system.  Because  Toronto 
rain  events  are  of  typically  short  duration,  many  of  the  warm 
weather  manual  sheetflow  samples  were  obtained  in  the  later 
portions  of  the  runoff  events.  This  may  have  allowed  settleable 
pollutants  to  be  reduced  in  concentration  before  the  sheetflow 
samples  could  be  collected.  In  most  cases,  the  observed  trends  in 
quality  between  the  different  areas  were  typical: 

1)     roof   runoff  had  generally  good  water  quality  (with  the 
exception  of  zinc  from  galvanized  roof  guttersD, 


2)     parking  areas  and  street  sheetflows 
quality,  and 


had  poor  wa  t  e  r 


33     bare  ground  and  landscaped  areas  had  high  concentrations 
of  residue  and  nutrients,  and  low  concentrations  of  heavy 
me  t  a  I  s  . 

Warm  weather  sheetflow  fecal  coliform  populations  were  lower  than 
the  observed  outfall  populations,  except  for  industrial  sidewalk 
sheetflow  values.  It  is  expected  that  significant  subsurface 
sources  of  fecal  coliforms  occur   in  both  of  the  study  areas.  This 
IS  especially  evident  when  the  cold  weather  sno wm elt  sheetflow 
bacteria  observations  are  also  examined  (Table  1.6).  Significant 
subsurface  sources  of  chromium  in  the  industrial  watershed  are  also 
expected. 

During  cold  weather  sn  owme Its,  chloride  concentrations  in  the 
sheetflows  from  residential  areas  were  also  much  lower  than  were 
measured  at  the  outfall.  The  chloride  concentrations  in  s  nowme I  t 
sheetflows  from  industrial  areas  were  also  lower  than  observed  at 
the  outfall,  but  not  by  as  large  a  margin.  These  differences  in 
chloride  concentrations  may  be  caused  by  the  significant  chloride 
gradient  found  in  roadside  snowpacks.  The  chlorides  found  in  very 
high  concentrations  next  to  the  roads  (and  drainage  systems)  would 
be  much  more  efficiently  transported  to  the  outfall   than  the  less 
concentrated  chlorides  found  further  from  the  roads. 

Similar  trends  were  observed  for  fecal  coliforms.  These  trends  are 
possibly  due  to  people  "curbing"  their  dogs,  causing  greater 
concentrations  of  dog  faeces  near  the  drainage  system.  However, 
subsurface  sources  of  bacteria  are  still   thought  to  be  significant 
because  the  few  dogs  that  are  walked  in  the  industrial  catchment  In 
cold  weather  are  not  expected  to  cause  such  large  outfall  bacteria 
populations  as  were  observed. 

The  subsurface  sources  of  chromium  in  the  industrial  catchment  are 
expected  to  be  caused  by  process  wastes  being  directly  discharged 
into  the  storm  drainage  system.  Metal  plating  operations  disposing 
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of   their  spent  plating  solutions   in   the  storm  drainage  system  may 
be  responsible.  Although  other   industrial  process  wastes  may  also 
be  entering  the  storm  drainage  system,  chromium  was  the  only 
"subsurface"  constituent  monitored  that  appeared  to  pose  a 
significant  threat. 

Table  1.7  shows  the  estimated  contributions  of  pollutants  from  the 
different  source  areas  to  the  yield  at  the  outfall  during  warm  and 
cold  weather.  The  quality  of  runoff  from  a  small  2  mm  rain  was 
mostly  affected  by  impervious  areas  (streets,  parking  areas,  and 
connected  roofs),  while  the  quality  of  runoff  from  an  average  (but 
still  smalM  rain  of  10  mm  was  affected  more  by  pervious  areas. 
Larger  rains  would  contribute  significantly  more  pollutants  from 
pervious  areas.  During  warm  weather,   total   residue  is  considered  to 
be  coming  mostly  from  landscaped  areas  in  residential  catchments, 
and  from  parking  and  storage  areas  and  roofs   in   industrial 
catchments.  Lead  is  coming  mainly  from  streets  and  parking  areas, 
while  roofs  are  significant  sources  of  zinc. 

1.5.3  URBAN  RUNOFF  CONTROLS 

The  source  area  contribution  information  defines  the  limit  of 
application  of  the  potential  controls.   If  a  control  can  reduce  the 
discharge  from  a  contributing  source  area  by  50  percent,  and  the 
contributing  area  is  responsible  for  30  percent  of  the  discharge  of 
the  outfall,  then  the  control  will   reduce  the  discharge  at  the 
outfall  by  only  15  percent.  Many  controls  can  be  applied  to  several 
source  areas,  but  may  only  cause  significant  reductions  in 
pollutant  yield  in  a  few  areas.  The  effectiveness  of  the  various 
controls  also  varies  significantly  depending  on  different   land  uses 
and  seasons.  The  following  paragraphs  s  umma  rize  the  effectivenesses 
of  several  different  controls  for  the  residential  and  industrial 
catchments  studied,  and  for  the  urban  Number  River  study  area.  The 
discussion  is  based  on  the  premises  that: 


1)     any  reduction  in  the  volume  of  stor  mwa  t  e  r  w i 
yield  of  pollutants  at  the  outfall,  and 


reduce  the 


2  )  any  reduction  in  the  available  load  in  the  source  areas 

will  also  reduce  the  yield  of  pollutants  at  the  outfall. 

Controls  In  Residential  Catchments 

Street  cleaning  in  most  residential  catchments  may  cause 
significant  reductions  in  the  loads  of  phosphorus,  fecal  coliforms, 
and  to  a  lesser  extent,   lead,  at  the  outfall   (compared  to  no  street 
cleaning).  Relatively  little  further   improvement  may  occur  if 
frequent  street  cleaning  is  compared  to  the  current   infrequent 
street  cleaning  efforts.   It  is  difficult  to  justify  increasing 
street  cleaning  frequency  beyond  approximately  one  pass  every  two 
weeks  in  residential  catchments.   Intensive  spring  cleanup  and  fall 
leaf  removal  are  considered  very  important  and  should  be  continued 
andencouraged.  . 
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If  roof  runoff   is  not  currently  directed  towards  pervious  areas, 
then  a  "retrofit"  program  to  encourage  the  infiltration  of  roof 
runoff  can  be  very  cost  effective  in  terms  of  reducing  pollutant 
loads.  High  rise  apartments  have  large  paved  parking  areas.  The 
infiltration  of  the  associated  discharges  of  storm  water  from  these 
areas,  after  pretreatment  with  grit  chambers  and  oil  and  grease 
traps,  would  significantly  reduce  many  discharges  of  pollutants  and 
stormwater  to  surface  water. 

The  most  practical   runoff  control   for   lower  density  use  areas 
(including  low  and  medium  density  residential  areas)   is  grass 
swales  in  place  of  concrete  curb  and  gutter  systems.  These  have 
been  shown  in  monitoring  programs  to  be  as  much  as  90  percent 
effective  in  reducing  discharges  and  pollutant  yields.  Grass  swales 
in  residential  catchments  pose  little  threat  to  groundwater.   If 
grass  swales  currently  exist   in  an  area,  changing  to  curb  and 
gutter  systems  should  be  strongly  discouraged. 

Controls  In  Industrial  Catchments 

Some  increases  in  street  cleaning  frequency  may  be  needed  in 
industrial  catchments.  The  existing  cleaning  frequencies  (next  to 
nothing)  should  be  increased  to  at  least  once  per  month.   Intensive 
spring  cleaning  and  leaf  removal   is  also  warranted. 

Several  discharges  irom  source  areas  in  industrial   land  use  areas 
were  found  to  be  highly  polluted  during  this  study.   Infiltration  of 
runoff  from  paved  parking  and  storage  areas  may  be  advisable, 
depending  on  the  quality  of  the  discharges  and  the  potential  for 
groundwater  contamination.  These  discharges  would  need  to  be  passed 
through  pretreatment  with  grit  chambers  and  oil  and  grease  traps. 
The  infiltration  of  roof  runoff  is  important,  depending  on  the 
potential   for  contamination  of  the  groundwater  from  galvanized 
metal   roofs  or  gutter  systems. 

Wet  detention  basins  can  produce  significant  reductions  in 
discharges  of  pollutants  during  both  wet  and  dry  weather.  Because 
of  the  potential   for  heavily  contaminated  baseflow  discharges  from 
industrial  catchments  wet  detention  basins  at  the  outfalls  of 
industrial  developments  should  be  strongly  encouraged.  More 
importantly,  wet  detention  basins  offer  an  opportunity  to  control 
spills  that  enter  the  storm  drainage  system. 

Grass  swale  drainages  currently  occur   in  industrial  catchments  in 
the  urban  Number  River  drainage  area  and  may  contribute  to  a 
potential  contamination  threat  to  the  groundwater.   If  the 
discharges  from  roadside  drainage  from  a  specific  area  are  found  to 
be  relatively  clean,  then  keeping  the  grass  swales  should  be 
strongly  encouraged.   If  the  discharges  are  found  to  be  excessively 
polluted,  then  the  inappropriate  sources  of  pollutants  discharging 
into  the  roadside  drainage  should  be  found  and  corrected. 
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Humber  River  Watershed  Controls 

Calculations  of  pollutant  yields  were  made  for  the  urban  Humber 
River  study  area  and  were  reported  in  the  "Sensitivity  Analysis" 
report  (Pitt,  1985)    When  total  Kjeldahl  nitrogen,  phosphorus, 
chemical  oxygen  demand,  copper,  and  zinc  "cost  effectiveness"  plots 
were  examined,   it  was  clear  that  a  combination  of   infiltration  and 
detention  allows  a  much  greater  removal  of  pollutants  to  be 
obtained  at  a  relatively  low  unit  cost  compared  to  the  other 
control  programs  that  were  examined.   If  flow,   total  residue, 
filtrate  residue,  fecal  coliform  bacteria,  and  p  s  e  u  d  omo  n  a  s 
aeruginosa  are  the  most   important  constituents,   then  infiltration 
(with  appropriate  pretreatment)  was  the  most  cost  effective 
solution.  The  most  general  recommended  control  program  is  therefore 
infiltration  with  wet  detention.   In  order  to  obtain  significant 
reductions  in  bacteria,   it  may  be  necessary  to  use  disinfection  in 
conjunction  with  wet  detention  basins. 


Analyses  of  Individual Humbe  r River Sewe  r  sheds 

Fifteen  separate  sewersheds  in  the  Humber  River  study  area  were 
evaluated  to  estimate  current   levels  of  pollutant  yields.  These 
same  sewersheds  were  evaluated  for  reductions  in  discharges  of 
pollutants  and  flow  possible  using  the  reco  mm  ended  control  program. 
The  recommended  control  program  includes  the  use  of  wet  detention 
basins  serving  25  percent  of   the  drainage  area  plus   infiltration  of 
approximately  one  half  of  the  residential  roofs  currently  draining 
to  pavement,  and  infiltration  of  approximately  one  half  of  paved 
parking  and  storage  areas  and  roofs  in  high  rise  residential, 
industrial,  and  co  mm  ercial  areas.  The  total  annual  cost  for  this 
program  in  the  Humber  River  study  area  was  estimated  to  be 
approximately  $5.7  million  per  year,  or  $410  per  hectare  per  year. 

The  reductions  in  pollutant  yields  expected  from  this  program  are 
e  s  t  I  ma  ted  to  be: 

1)     five  to  ten  percent  for  bacteria, 

2D     15  to  20  percent  for  flow,   total  residue  and  filtrate 
residue,  and 

3)    30  to  45  percent  for  particulate  residue,  nutrients, 
chemical  oxygen  demand,  phenols,  and  heavy  metals. 

If  higher  bacteria  removals  are  needed,  substantial   increases  in 
cost  may  be  needed  for  disinfection  in  conjunction  with  wet 
detention  basins. 
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2  ■  0   CONCLUSIONS  AND  RECOMMENDATIONS 

2 . 1    CONCLUSIONS 

The  data  collected  in  an  Intensive  multi-source  sampling  program 
provides  a  good  characterisation  of  the  discharges  from  a  storm 
water  system.  Such  programs  need  to  be  continued  all  year  to 
"complete  the  annual  picture"  before  a  complete  characterisation 
can  be  completed   By  monitoring  virtually  all  of  the  runoff  events, 
one  IS  provided  with  a  sufficiently  detailed  data  base  to  allow  a 
calibrated  model   for  predicting  the  quality  of  the  discharges  from 
a  sewer  system  to  be  empirically  prepared.  Care  must  be  taken 
during  the  experimental  design  and  data  collection  effort  to  ensure 
that  critical  data,  e.g.  records  of  precipitation,  are  duplicated 
using  standard  procedures  and  that   laboratories  are  sufficiently 
organized  to  accept  the  water  samples  when  they  are  collected. 

The  following  major  conclusions  can  be  drawn  from  the  results  of 
this  study  and  personal  observations  made  in  the  watersheds.  The 
Conclusions  are  structured  in  a  similar  manner  to  the  S  umma  r  y  ; 
pollutants,   sources  and  controls. 

Pol lutants 

13    The  baseflows  during  warm  weather  had  surprisingly  high 
concentrations  of  several  pollutants,  e.g.  filtrate 
residue  and  fecal  coliforms  from  the  residential 
c  a  t  chme  n  t  . 

2 )  The  concentrations  of  some  constituents  (including  metals 
and  organic  compounds)  in  the  stormwater  from  the 
industrial  watershed  were  typically  much  greater  than  the 
concentrations  of  the  same  constituents  in  residential 

s  t  o  r mwa  t  e  r  . 

3)  In  some  cases,  the  concentrations  of  constituents 
observed  in  the  sheetflow  were  not  sufficient  to  account 
for   the  concentrations  observed  at   the  outfall. 

4)  Almost  all  constituents  frequently  exceeded  the 
Provincial  Wa  ter  Quality  Objectives. 

5)  Fecal  coliforms  always  exceeded  the  objective  in  warm  and 
cold  weather  baseflows  and  stormwater  from  both 
watersheds.   It  is  expected  that  significant  subsurface 
sources  of  fecal  coliforms  occur  in  both  of  the  study 
areas,  even  though  sheetflows  were  sufficient  to  cause 
significant  problems.  Fecal  coliform  counts  in  the 
snowmelt  from  the  industrial  watershed  exceeded  the 
objective  approximately  70  percent  of  the  time. 

6)  Cold  weather  bacteria  discharges  are  insignificant  when 
compared  to  the  warm  weather  bacteria  discharges. 
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Sources 

7)  Construction  sites  can  discharge  significant  amounts  of 
residue  and  other  pollutants  to  the  sewer  system,  and 
hence  to  the  receiving  waters. 

8)  Warm  weather  baseflow  discharges  contribute  a  significant 
proportion  of  the  annual  yield,  especially  from  the 
industrial  watershed.  Warm  weather  baseflows  account  for 
70  percent  of  the  flow  duration  in  a  year. 

9)  Industrial  catchments  contribute  most  of  the  chromium  to 
the  local  receiving  waters,  and  approximately  equal 
amounts  with  the  residential  and  co  mm  ercial  catchments 
for  phosphorus,  COD,  copper,  and  zinc. 

10)  The  quality  of  runoff  from  a  small  ( 2mm )     rain  events  was 
mostly  affected  by  impervious  areas  (streets,  parking 
areas,  and  connected  roofs),  while  the  quality  of  runoff 
from  an  average  (10  mm )  rain  events   was  affected  more  by 
pervious  areas. 

11)  Lead  IS  coming  mainly  from  streets  and  parking  areas, 
while  roofs  are  significant  sources  of  zinc. 

Controls 

12)  Street  cleaning  in  most  catchments  once  per  month  may 
cause  significant  reductions  in  the  loads  of  phosphorus, 
fecal  coliforms,  and  to  a  lesser  extent,   lead,  at  the 
outfall  (compared  to  no  street  cleaning).  Relatively 
small  further  improvement  would  occur  if  street  cleaning 
frequency  is  increased  beyond  twice  per  month. 

13)  The  infiltration  of  storm  water  from  paved  parking  areas, 
after  pretreatment  with  grit  chambers  and  oil  and  grease 
traps,  would  significantly  reduce  many  discharges  of 
pollutants  (and  stor  mw  ater)  to  local  streams. 

14)  The  most  practical  runoff  control  for  lower  density  use 
areas  (including  low  and  medium  density  residential 
areas)  is  grass  swales  in  place  of  concrete  curb  and 
gutter  systems.   If  grass  swales  currently  exist  in  an 
area,  changing  to  curb  and  gutter  systems  should  be 
strongly  discouraged. 

15)  Wet  detention  basins  can  produce  significant  reductions 

in  discharges  of  pollutants  during  both  wet  and  dry 
we  a  t  he  r  . 

16)  The  recommended  control  program  includes  the  use  of  wet 
detention  basins  serving  at  least  25  percent  of  the 
drainage  area  plus  infiltration  of  at   least  one  half  of 
the  residential  roofs  currently  draining  to  pavement,  and 
infiltration  of  at   least  one  half  of  paved  parking  and 
storage  areas  and  roofs  in  high  rise  residential. 
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industrial,  and  co  mm  ercial  areas.  The  total  annual   cost 
for  this  recommended  program  in  the  Number  River  study 
area  was  estimated  to  be  approximately  $6.7  million  per 
year  or  $410  per  hectare  per  year. 

17)  The  reductions  in  pollutant  yields  expected  from  this 
recommended  program  are  estimated  to  be: 

a)  five  to  ten  percent   for  bacteria, 

b)  15  to  20  percent  for  flow,  total   residue  and 
filtrate  residue,  and 

c)  30  to  45  percent  for  particulate  residue,  nutrients 
chemical  oxygen  demand,  phenols,  and  heavy  metals. 

18)  If  higher  bacteria  removals  are  needed,  substantial 
increases  in  cost  may  be  needed  for  disinfection  in 
conjunction  with  wet  detention  basins. 


2 . 2   RECOMMENDAT IONS 

Based  on  the  Conclusions  described  above  the  following 
Recommendations  are  made. 

1)  Prepare  and  implement  a  more  stringent  bylaw  covering 

s  t  o  rmwa  ter  and  runoff   controls  from  construction  sites. 

This  source  area  must  be  controlled  first  before  any  consideration 
IS  given  to  stormwater  management  for  new  developing  areas  and 
existing  areas.  Many  model  bylaws  exist  that  can  be  effectively 
used  to  control  construction  site  erosion,   if  enforced. 

2)  A  stormwater  management  plan  that  specifies  control 
requirements  for  proposed  developments  should  be  prepared 
and  adopted.  A  stormwater  management  plan  for  new 
developing  areas  should  require  the  following  items: 

a)  the   infiltration  of  all   roof   runoff, 

b)  the  infiltration  of  runoff  from  "large"  parking 
areas  (after  pretreatment  with  grit  chambers  and  oil 
and  grease  traps), 

c)  street  cleaning  at   least  once  a  month,   including  a 
more  intensive  spring  cleanup  and  leaf  removal 
effort  in  the  fall, 

d)  the  cleaning  of  catchbasins  twice  per  year. 
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e)  the  use  grass  swale  or  perforated  pipe  drainage 
instead  of  conventional  curb  and  gutter  systems, 
expect   in  areas  having  highly  polluted  gutter 
discharges  that  may  cause  contamination  of  the 

g  r  ou  n  dwa  t  e  r  ,  and 

f)  the  use  of  wet  detention  Cretention)  basins  at 
outfalls  from  industrial  land  uses  and  other  very 
large  parking  areas,  eg   shopping  centres. 

An  important  feature  of  a  "stormwater  and  construction  site  erosion 
control  plan"  is  the  use  of  a  storm  drainage  utility.  This  utility 
could  be  supported  by  user  service  fees  and  would  be  responsible 
for  the  review  of  both  storm  water  control  plans  and  their 
implementation  during  construction,  along  with  the  maintenance  of 
control   facilities. 

The   implementation  or   "retrofitting"  of  an  appropriate  sto  r mwa  t  e  r 
management  plan  for  existing  developments  can  be  very  expensive. 
However,   it   is  rec  omme  n  d  e  d  that: 

3)     The  existing  storm  water  management  plan  for  existing 
land  uses  be  reviewed.  The  review  should  address  the 
foil ow I n  g  it  ems : 

aD     the  disconnection  of  all  roof  drains  from  the  sewer 
system  and  redirection  of  the  storm  water  to 
pervious  surfaces  or   infiltration  devices, 

b)  the  use  of  infiltration  sites  for  runoff  fr  om  large 
paved  areas, 

c]  the  modifications  to  existing  catchbasin  sumps  to 
ma  kethem  porous, 

dD     the  pretreatment  of  runoff  from  with  grit  chambers 
and  oil  and  grease  traps  before  infiltration, 

e)  the  potential   for  groundwater  contamination  from 
infiltrated  sto  r mwa  t  e  r  , 

f)  the  location  and  disconnection  of  Cillegal)  point  or 
diffuse  sources  of   industrial  or  sanitary 

con  t  am  i  n  a  n  t  s ,  and 

gj     if  the  discharges  from  roadside  drainage  from  a 
specific  source  area  are  found  to  be  relatively 
clean,  then  keeping  the  grass  swales  should  be 
strongly  encouraged.   If  the  discharges  are  found  to 
be  excessively  polluted,  then  the  inappropriate 
sources  of  pollutants  discharging  into  the  roadside 
drainage  should  be  found  and  corrected. 
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4)  The  recommended  control  program  for   the  urban  Number 
River  study  area  includes  the  following  items: 

a)  the  use  of  wet  detention  basins  serving  at   least  26 
percent  of  the  drainage  area, 

b)  the  infiltration  of   runoff   from  at   least  one  half  of 
the  residential  roofs  currently  draining  to 

p  a  V  erne  n  t  ,  and 

c)  the  infiltration  of  runoff   from  at   least  one  half  of 
paved  parking  and  storage  areas  and  roofs  in  high 
rise  residential,   industrial,  and  c  omme  r  c i a  I  land 
use  areas. 

This  study  highlighted  several  unexplainable  sources  of   industrial 
contamination.  These  included  such  pollutants  as  dissolved  metals, 
soluble  organics,  and  bacteria  thought  to  originate  in  process 
wastewaters,  polluted  floor  drains,   leaking  sanitary  sewerage,  etc. 
It   is  considered  better  to  locate  and  disconnect   inappropriate 
sources  of  industrial  pollutants  from  the  storm  sewer  system  and  to 
correct  sanitary  sewage  infiltration  or  connections  than  it  is  to 
choose  whether  one  should  sacrifice  either   local   streams  or 
g  r  ou  n  dwa  t  e  r  . 

"Soil"  treatment  systems  (such  as  occurs  with  infiltration)  have 
been  found  to  be  very  effective  at  renovating  storm  water  quality 
and  generally  pose  little  threat   to  the  groundwater 

5)  The  potential   locations  of  wet  detention  basins  at 
outfalls  in  existing  areas  should  also  be  identified. 

With  the  use  of  wet  detention  basins,   the  quality  of  runoff  from 
existing  areas  may  be  controlled  to  similar   levels  as  are  proposed 
for  new  developments. 

6)  The  location  of  wet  detention  basins  at  existing 
industrial  outfalls  should  also  be  considered  to  help 
control  dry  weather  discharges,  snowmelt  discharges  and 
s  p  I  I  Is. 

7)  Disinfection  at  wet  detention  basins  may  be  needed  in 
order  to  obtain  significant  bacteria  reductions, 
especially  considering  the  potential  of  subsurface 
bacteria  sources. 

83     Future  Studies 

Several  field  studies  are  also  re  comme  nded  for  the  future  as 

logical  extensions  of  the  current  TAWMS  efforts.  The  following 

studies  are  proposed  for  consideration: 

a)    The  most  important  project  would  involve  a  decision 
analysis  procedure  to  formally  select  a  stor  mwa  t  e  r 
management  program. 
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b)     Monitoring  of   the   implemented  program  would  be 

necessary  to  document  progress  and  to  make  revisions 
to  the  plan, 

cJ     Prepare  a  model  construction  site  and  stor  mw  a  t  e  r 

runoff  bylaw  and  modify  the  "Manual  of  Practice",  to 
reflect  its  requirements, 

d)  Conduct  controlled  washoff   tests   for  pervious  areas 
(to  supplement  the  work  conducted  during  this 
project  on  impervious  surfaces), 

e)  Collect  early  spring  (after  sn  owme  It)  runoff  from 
residential  and  industrial  catchments, 

f)  Study  sources  of  baseflow  pollutants,  especially 
chromium  and  fecal  col  i  forms, 

g)  Collect   runoff   samples  from  a  c  omme  rcial   (downtown) 
site, 

h)     Investigate  the  groundwater  contamination  potential 
of  various  infiltration  controls  for  different 
source  areas,  and 

i)     Investigate  the  relative  frequent  occurrence  of  high 
concentrations  of  PCBs  in  the  stor  mwa  t  e  r  and 
snowmelt   from  the   industrial  watershed. 


TFCHNICAL  REPORT 


3.0  SITE  DESCRIPTIONS 

3 . 1  THISTLEDOWN  CATCHMENT 

The  Thistledown  catchment  covers  approximately  39  ha  of  residential 
and  commercial   land  uses  surrounding  Thistledown  Boulevard  in  the 
Thistletown  district  of  the  City  of  Etobicoke.   It  is  approximately 
bounded  by  the  Humber  River  to  the  east  and  north,  and  Albion  Road 
on  the  southwestern  side   Figure  1.4  is  a  street  map  of  the 
catchment  showing  the  watershed  boundary  and  the  location  of  the 
outfall  sampling  station   The  bulk  of  the  catchment  consists  of 
single  family  dwellings  in  the  10-20  year  age  group.  Table  3.1 
characterizes  the  land  uses  within  the  catchment.   It  was  compiled 
from  measurements  made  on  an  airphoto  at  a  scale  of  1:2500.  Tables 
B.l  through  8.3  of  Appendix  8  describe  the  Thistledown  catchment  in 
mo  re  detail. 


TABLE  3 . 1 

LAND  USE 


THISTLEDOWN  LAND  USE 

AREA 
(  ha  } 


AREA 


Single  family  dwellings 
Multi-family  dwellings  ■ 

t  own  houses 
Shopping  centre 
Op  en  space 
Schools  ( 2  ) 
Church 


Total  s 


29  .  50 

2.43 
2.11 
0.2  1 
4  .  52 
0.37 

38.87 


75  .  9 


6 

5 

0 

1  0 

1 


100.0 


Approximately  nine  percent  of  the  catchment  area  is  used  for 
roadways.  These  roads  are  generally  two  lanes  wide  (one  in  each 
direction),  with  parking  allowed,  and  have  a  total  length  of 
approximately  4.8  km.  The  roads  are  generally  of  smooth  to 
intermediate  texture  and  are  in  good  condition.  However, 
approximately  35%  of  the  roads  are  in  moderately  poor  or  worse 
c  o  n  d  I  t  ion. 

Approximately  20%  of  the  roof  drainage  is  directly  connected  to  the 
storm  sewer  system,  with  the  remaining  roofs  draining  to  driveways 
( 4  0%)  0  r  I  awns  ( 40%)  . 

The  road  drainage  system  is  mixed.  Approximately  57%  of  the  roads 
have  grass  swales  connected  to  the  storm  sewer  system  by  gratings 
and  catch  basins.  These  swales  occur  only  on  the  flat  eastern  half 
of  the  catchment.  There  are  approximately  90  m  of  sealed  swales  and 
approximately  2000  m  of  concrete  curb  and  gutter  drainage  forming 
the  other  43%  of  the  drainage  system.  The  concrete  curbs  are  placed 
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on  the  steeper  grades  of  the  catchment  where  road  slopes  of  up  to 
an  estimated  5%  were  estimated.  During  this  study,  runoff  was 
frequently  observed  on  the  concrete  gutters.  However,   it  was  rarely 
observed  in  the  grass  swales,  even  during  high  intensity 
thunderstorms. 


The  bulk  of 
grounds. 


the  land  described  as  schools  consists  of  grass  play 


A  small  complex  of  townhouses  is  located  at  #63  Thistledown  Blvd. 
This  medium  density  residential   land  use  covers  almost  2.4  ha  (6%) 
of  the  c  a  t  c  hme  n  t  . 


A  shopping  centre  is  located  on  the  southwestern  boundary  of  the 


watershed.  It  covers  approximately  two 
The  bulk  of  this  shopping  centre  C72%) 
carpark.  Located  within  the  carpark  is 
the  loading  bay  for  a  supermarket. 


ha  (5%)  of  the  catchment. 

IS  covered  by  a  paved 

a  small  service  station  and 


3 . 2  EMERY  CATCHMENT 

The  Emery  catchment  was  selected  for  study  based  on  the  results  of 
the  Humber  River  and  Tributary  Dry  Weather  Outfall  Study  CGLAL, 
1984)   This  study  identified  the  Emery  catchment  as  one  of  the  more 
significant  contributors  of  contaminants  to  the  Humber  River 
system. 

The  Emery  catchment  area  covers  approximately  154  ha.   It  has 
predominantly  industrial   land  use  and  a  relatively  flat  terrain.   It 
IS  located  in  the  City  of  North  York,   in  the  southeast  corner  of 
the  block  surrounded  by  Highway  400,  Finch  Avenue,   Islington  Avenue 
and  Steeles  Avenue  (Figure  1.5). 

The  Emery  catchment  can  be  divided  into  several  areas  with 
different  industrial  groups,  as  described  in  Table  3.2.  There  is 
little  heavy  industry,  such  as  power  plants  or  steel  mills,  in  the 
catchment.  Most  of  the  industry  is  of  the  medium  type  i.e. 
processing  goods  for  final  consumption.  Within  these  areas  there 
are  some  blocks  of  vacant  land  that  could  be  classified  as  open 
space   Tables  B.I  through  B.4  of  Appendix  B  contain  more  detailed 
descriptions  of  the  Emery  catchment. 

The  catchment  has  7.3  Km  of  roadways,  including  two  major  arterial 
roads  (Signet  Drive  and  Weston  Road).  Traffic  counts  of  600-800 
vehicles  per  hour  are  typical  on  these  major  roads.  Road  textures 
are  predominantly  smooth  and  are  in  moderately  good  to  very  good 
condition.  All  roads  have  concrete  curbs  and  concrete  or  asphalt 
gutters   On  street  parking  only  occurs  on  7%    of  the  roads. 

This  catchment  also  contains  4.1  km  of  main  line  railway  track. 
Several   industries  have  their  own  spur  lines. 
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TABLE  3 . 2 


EMERY  INDUSTRIAL  LAND  USE 


INDUSTRIAL  GROUP 


NUMBER 

OF 

BUS INESS 


TOTAL 
AREA 
C  ha  ) 


TOTAL 
AREA 


AVERAGE 
S  I  ZE 
(  ha) 


Chem I ca I s 

Me  tal  dealers  and 
manufacturers 

Contractors,  machinery 

P  r  inter 

Utilities 

Furniture  Manufacturing 

Mixed  Industries  Hardware 
BIdg.  Supplies) 

Food  Industry 

Offices  &  Warehouses 

Vehicle  Repair 

Miscellaneous  Manu- 
facturing 

Electronics 

Foundries  &  We  I d i  n  g 

Metal  Plating 

Wa  ste  Dealers 

Tiles 

Textiles 

Glass 


13 


20  .  62 


13.5 


1  .  5 


1  4 

1  0 

.  43 

6 

.  8 

0  .  75 

5 

5  , 

.  49 

3 

.  6 

1  .  1 

3 

2 

.  8  1 

1 

.  8 

0  .  9 

1 

1  , 

.  4 

1 

.  0 

1  .  4 

4 

6 

.86 

4 

.  5 

1  .  7 

& 

3 

2 

.  96 

1 

.  9 

1  .  0 

1  1 

1  2 

.  44 

8 

.  1 

1  .  1 

1  7 

1  2 

.  84 

8 

.  4 

0  .  75 

5 

2 

.  04 

1 

.3 

0  .  4 

9 

7  , 

.  67 

5 

0  .  85 

4 

30 

.  43 

1  9 

.  8 

7  .6 

3 

1 

.  06 

0 

.  7 

0  .  35 

2 

1  . 

15 

0 

7 

0  .  57 

4 

8  . 

.87 

5 

.  8 

2  .2 

2 

0  . 

7  1 

0 

5 

0  .  35 

2 

2 

.  1  1 

1  . 

.  5 

1  .  1 

2 

2  . 

2  5 

1  . 

.  5 

1  .  1 

Totals  /  Averages 


04 


153.7 


1  .  6 
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4 .0    TORONTO  PRECIPITATION  AND  RUNOFF 

This  section  discusses  the  analysis  of  the  precipitation  and  runoff 
data.  The  analysis  of   the  rain  pattern  over  Toronto  and  the 
calibration  of   the  rain  gauge  is  described   in  Appendix  C.  This 
section  IS  supported  by  the  more  detailed  meteorological  and 
hydrological  data  provided  in  Appendix  D. 

4  .  1    TORONTO  METEOROLOGICAL  CONDITIONS 

Long  term  monthly  mean  air  temperatures  for  Toronto  (Pearson 
International  Airport  or  PIA)  for   the  period  1951  to  1980  are  shown 
on  Table  4.1.  During  this  30  year  period,  only  January  and  February 
had  consistently  freezing  temperatures.  Any  precipitation  that 
would  fall  during  the  other  months  would  likely  be  rain.  Rain  can 
occur  during  any  month. 

Table  4.2  shows  a  15  year  rain  record  from  Toronto  (PIA)  from  1960 
to  1974.  During  this  period,  the  annual  rainfall   ranged  from 
approximately  420  mm  to  approximately  710  mm  per  year.  A  typical 
storm  depth  was  approximately  four  mm ,  while  the  maximum  one  day 
storm  ever  recorded  was  67  mm.  This  storm  was  based  on  a  one  hour 
interevent  period.  However,   it  is  also  likely  that  precipitation 
events  during  a  single  storm  period  occurring  over  several  days 
would  be  substantially  greater  than  this  value.  The  durations  of 
these  single  storms  were  between  two  and  three  hours  and  the 
average  rain  intensities  were  approximately  1.3  mm/ hr.  The  maximum 
rain   intensity  during  this  period  of   time  (1960  to  1974)  was  more 
than  40  mm  in  one  hour.  The  average  interevent  periods  were  quite 
consistent,  with  an  average  value  of  slightly  over  two  days.  The 
maximum  interevent  periods  can  be  quite  long.  The  values  shown 
include  the  time  period  between  adjacent  rain  events  and  do  not 
consider  snowfalls.  The  typical  snowfall  period  varied  between  one 
and  two  months  every  year. 

An  average  of  137  rain  events  per  year  affected  Toronto  during  this 
15  year  period,  based  on  a  one  hour   interevent  period.   If  the 
minimum  interevent  period  was  increased,   the  number  of  rain  events 
per  year  would  substantially  decrease.   In  this  urban  runoff  study, 
an  interevent  period  of  six  hours  was  used.  This  period  of  time 
usually  allows  the  urban  hydrographs  to  decrease  to  close  to 
baseflow  conditions  after  the  rain  events  have  stopped.  Six  hours 
IS  also  typically  the  minimum  time  necessary  to  dry  street  surfaces 
for  subsequent  sampling. 

During  this  15  year  period,  the  earliest  day  of  observed  rain  was 

January  2nd,  while  the  latest  was  April  9th.  In  some  years,  no  rain 

*ell   tor  the  first  three  months  of  the  year  The  median  date  of 
first  recorded  rain  was  the  January  26th. 

The  latest  day  of  recorded  rain  was  December  31st,  while  the 

earliest   last  date  of  recorded  rain  was  November  28th.  A  median 

date  for   the  last  recorded  rain  of   the  year  was  December  9th. 

Therefore,  approximately  three  to  four  weeks  of   snow  may  occur   in 
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Table    4.1      Toronto   Temperature    Conditions    (    C)    (30   year    average 
1951-1980,    except    for    extreme    values    over    140   years) 


extreme 

extreme 

daily 

maximum 

minimum 

daily 

daily 

ave .  of 

overall 

overall 

max. 

nin . 

min.&max. 

record 

record 

January 

-1.3 

-7.9 

-4.6 

16.1 

-32.8 

February 

-0.5 

-7.2 

-3.9 

14.5 

-31.7 

March 

4.1 

-2.6 

0.7 

26.7 

-26.7 

April 

11.7 

3.4 

7.6 

32.2 

-15.0 

May 

18.2 

8.9 

13.6 

34.4 

-3.9 

June 

23.7 

14.3 

19.1 

36.7 

-2.2 

July 

26.7 

17.2 

22.0 

40.6 

3.9 

August 

25.6 

16.6 

21.2 

38.9 

4.4 

September 

21.3 

12.7 

17.1 

37.8 

-2.2 

October 

14.7 

7.2 

11.0 

30.0 

-8.9 

November 

7.8 

2.0 

4.9 

23.9 

-20.6 

December 

1.4 

-4.6 

-1.6 

16.1 

-30.0 

Annual 

12.8 

5.0 

8.9 

40.6 

-32.8 

Source:    Environment    Canada,    1982 
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Table  4.2  Long  Term  Rain  Record  at  Toronto  International  Airport 


year 


Storm  Depth 
(min  0.25  mm) 
ave    max    total 


Interevent 
Duration    Ave.  Int.        Period 
(min  1  hr)  (min  0.25  mm/hr)  (min  1  hr) 
ave    max    ave     max     ave    max 


Number  of 
Rain  Events 
per  year 


1960 

3.1 

43.9 

467 

2.29 

10 

1.1 

11.4 

50.1 

1258 

153 

1961 

3.1 

29.2 

457 

2.31 

18 

1.1 

11.7 

38.3 

296 

150 

1962 

3.1 

38.6 

460 

2.29 

15 

1.4 

20.3 

58.9 

1303 

129 

1963 

3.6 

33.5 

417 

2.63 

17 

1.3 

15.0 

53.3 

605 

117 

1964 

5.3 

46.5 

518 

3.01 

18 

1.5 

12.2 

78.1 

792 

97 

1965 

4.1 

41.9 

617 

2.78 

18 

1.3 

12.2 

49.1 

1274 

152 

1966 

3.3 

36.6 

455 

2.52 

19 

1.0 

10.7 

41.9 

419 

138 

1967 

3.6 

30.7 

549 

2.58 

21 

1.1 

7.4 

49.6 

1094 

154 

1968 

5.1 

67.3 

660 

2.91 

14 

1.4 

8.Q 

53.7 

869 

130 

1969 

4.1 

47.5 

508 

2.78 

19 

1.2 

11.9 

48.2 

603 

125 

1970 

4.1 

58.7 

462 

2.33 

16 

1.6 

40.4 

57.1 

60Q 

114 

1971 

4.6 

32.5 

531 

2.73 

13 

1.5 

16.3 

55.3 

1076 

116 

1972 

3.8 

38.4 

625 

2.76 

23 

1.1 

11.0 

49.8 

480 

164 

1973 

4.1 

33.5 

706 

2.86 

18 

1.1 

6.6 

47.0 

595 

174 

1974 

hS.^" 

2.94 

18 

1.4 

10.4 

51.3 

457 

144 

ave 

4.1 

40.9 

538 

2.65 

17 

1.3 

14.0 

52.8 

782 

137 

min 

3.1 

29.2 

417 

2.29 

10 

1.0 

6.6 

38.3 

296 

96 

max 

5.3 

67.3 

706 

3.01 

23 

1.6 

40.4 

78.1 

1303 

174 

Source:  Environment  Canada,  1979 
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the  beginning  of  the  year  with  approximately  three  weeks  of  snow  at 
the  end  of  the  year. 

The  rain  records  for  each  of  these  15  years  was  compared  with  the 
average  rain  characteristics  in  order  to  identify  a  reasonably 
typical  year  for  more  detailed  analyses   The  year  1967  was  selected 
for  further  analysis  on  a  monthly  basis.  Table  4.3  shows  how  the 
rain  characteristics  at  Toronto  PIA  varied  by  month  during  1967. 
All  of  March,  most  of  February,  and  probably  much  of  January  had 
only  snowfall  with  no  rain.  The  total  number  of  storms  reported  for 
that  year  was  154.  Most  of  the  ratn  occurred  in  June  and  April. 
October  was  the  driest,  nonfrozen  month.  The  storm  durations  ranged 
from  approximately  one  to  21  hours  based  on  a  one  hour  interevent 
period.  The  longer  rain  events  appeared  to  occur  in  September  and 
October.  The  more  intense  rain  events  appeared  to  occur  during  June 
and  July,  while  the  least  intense  rain  events  occurred  in  May  and 
November.  Typical   interevent  periods  ranged  from  a  little  more  than 
one  day  in  May  to  approximately  three  days  for  several  of  the  other 
mo  n  t  h  s  . 

The  30  year  average  rain  and  snowfall  conditions  in  the  Number 
River  basin  (from  1951  to  19803  is  shown  on  Table  4.4.  These  data 
are  based  upon  rainfall  monitoring  information  from  twelve 
locations  near  and  in  the  Number  River  basin.  The  locations  of 
these  stations  are  shown  on  Figure  C.6  in  Appendix  C.  Table  4.4 
shows  the  likely  average  variations  in  precipitation  conditions.   It 
shows  an  approximate  20  percent  maximum  difference  in  the  annual 
precipitation  conditions  over  the  study  area.  The  Black  Creek  and 
Downsview  A  locations  both  had  the  lowest  annual  recorded  rainfalls 
during  this  30  year  period  of  time,  while  the  Kingsway  Station  had 
the  greatest  recorded  rainfall. 

Much  rain  data  was  obtained  during  1983  as  part  of  this  study.  The 
one  rain  gauge  available  was  located  in  the  Emery  catchment  (Figure 
1.53  and  controlled  the  runoff  sampler  at  that  outfall.  During  the 
data  analysis,  it  was  found  that  the  initial  calibration  factor  for 
this  rain  gauge  was  incorrect,  or  had  changed.  Accurate  rain  values 
are  very  important  in  an  urban  runoff  study  in  order  to  analyse 
runoff  flows  and  source  contributions   Therefore,  an  extensive  data 
analysis  effort  was  needed  to  identify  the  most  reasonable 
calibration  factor  and  to  correct  the  recorded  rain  volumes. 
Appendix  C  is  a  su  mm  ary  of  the  analytical  procedures  that  were  used 
in  examining  the  rain  gauge  data. 

Appendix  D  contains  the  corrected  rain  and  snowfall  data.  Table  4.5 
IS  a  s  u  mm  ary  of  the  Toronto  rain  events  observed  in  1983.  Sixty 
eight  rain  events  were  observed,  based  on  a  six  hour  interevent 
period   A  total  of  556  mm  of  rain  was  recorded.  The  average  depth 
of  rain  was  8.2  mm.  The  Emery  rain  gauge  was  in  operation  by  May, 
1983,  and  was  taken  down  in  November,  1983.  Early  and  late  1983 
rain  conditions  were  therefore  estimated  using  data  obtained  from 
Toronto  PIA.  These  data  differ  from  those  shown  on  Table  4.3  and 


38 


Table  4 . 3    1967  Toronto  Airport  Rain  Record 

Rain 
Storm       Storm       Interevent 
Storm  Depth         Duration     Intensity       Period 
Number  of   (min.  0.25  mm)      (min.  Ihr)  (min.  0.25  mm/hr)  (min.  1  hr) 
Month     Storms    max.   ave .    total    max.  ave .    max.    ave .     max.   ave . 


January 

■^ 

2.  5 

I.l 

-.6 

2 

1.5 

1.3 

0.8 

45 

17 

Februaryil; 
March  ^^^ 

1 

- 

1.8 

1.8 

_ 

1.0 

- 

1.8 

- 

- 

0 

- 

- 

- 

- 

- 

- 

- 

- 

- 

April 

23 

27.9 

3.8 

85.1 

9 

2.3 

4.1 

1.0 

1090 

74 

May 

18 

16.0 

2.5 

46.9 

12 

3.1 

1.8 

0.5 

110 

26 

June 

20 

30.7 

7.4 

148.1 

10 

3.0 

7.4 

2.3 

390 

45 

July 

16 

13.5 

4.1 

65.0 

4 

1.7 

4.8 

2.0 

170 

44 

August 

25 

8.6 

1.8 

45.7 

3 

1.6 

3.3 

1.0 

200 

28 

September 

9 

29.7 

7.6 

68.9 

21 

5.0 

3.3 

1.0 

500 

72 

October 

5 

5.8 

2.0 

10.7 

5 

5.0 

2.0 

0.8 

240 

80 

November 

21 

15.8 

1.8 

38.1 

13 

2.9 

1.3 

0.5 

380 

43 

December 

12 

28.: 

4  .  1 

49.  S 

11 

3.3 

2.5 

0.8 

150 

48 

Annual 


154   30.7 


3.6   563.9 


21 


2.5 


7.4 


1.0 


1090 


48 


(2) 


(1)  February  and  March  precipitation  occurs  mostly  as  snow. 

(2)  excluding  February  and  March. 

Source:  Environment  Canada,  1979 
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Table  A. A    30  Year  Average  (1951-1980)  Monthly  Rain  and  Snowfall  in  Humber  River  Bas 


Month 


Range  of  30  yr  Averages  for  12  Monitoring  Locations: 


Total  Rainfall(mm)   Total  Snowfall(cm) 
min.   ave .   max.     min.   ave .   nax . 


Annual       627    656    721      97     126    148 
Annual  (in)   24.7   25.8   28.4    38.0    49.5   58.2 


Days  with  Rain 
rain.   ave.   max. 


January 

16.9 

23.1 

26.2 

25.3 

33.0 

37.7 

3 

4 

5 

February 

17.6 

23.5 

25.7 

20.5 

26.7 

32.0 

3 

4 

4 

March 

32.8 

40.3 

47.9 

17.5 

21.6 

25.6 

4 

7 

9 

April 

60.0 

63.6 

68.2 

3.5 

6.2 

8.9 

7 

10 

11 

May 

61.4 

66.1 

69.8 

0.0 

0.1 

0.4 

8 

11 

11 

June 

62.5 

66.6 

72.2 

0.0 

0.0 

0.0 

8 

10 

11 

July 

64.2 

73.9 

83.8 

0.0 

0.0 

0.0 

8 

9 

10 

August 

70.7 

76.2 

84.2 

0.0 

0.0 

0.0 

7 

10 

11 

September 

56.6 

63.7 

74.5 

0.0 

0.0 

0.0 

8 

9 

10 

October 

56.8 

61.3 

66.0 

0.3 

0.7 

1.0 

8 

10 

11 

November 

55.2 

59.3 

61.1 

2.5 

6.8 

9.7 

8 

10 

10 

December 

33.1 

38.2 

44 .  7 

24.8 

30.6 

36.8 

3 

6 

8 

74 


97 


111 


Stations  included  in  above  description  and  years  of  record  for  each: 
(ranks  shown  for  lowest  rain  to  highest): 


(8)  Toronto  :  30  yrs 

(11)  Toronto  Agincourt:  varies 

(1-1/2)  Toronto  Black  Creek:  varies 

(1-1/2)  Toronto  Downsview  A:  varies 

(5)  Toronto  Downsview  S:  varies 

(6)  Toronto  Etobicoke :  varies 

Source:  Environment  Canada,  1982 


(3-1/2)  Toronto  International  A:  30  yrs 

(10)  Toronto  Islington:  25  to  29  yrs 

(12)  Toronto  Kingsway:  varies 

(3-1/2)  Toronto  Old  Weston  Road:  varies 

(7)  Toronto  West  Deane  Park:  varies 

(9)  Toronto  Wilson  Heights:  varies 
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Table  4.4,  mostly  because  of  the  different   interevent  time  period 
used   The  total   rain  volume  during  1983  was  quite  close  to  the  30 
year  average  (and  the  1967  value),   but   the  number  of   rain  events 
wa  s  much  less. 

Snowfall  data  was  also  obtained  at  Toronto  PIA  during  the  sn  owme I  t 
study  period,  of  January  through  March,   1984.  No  on-site  weather  or 
snowpack  observations  were  obtained  during  the  sn  owme It  period  of 
the  study.  Tables  D.4  through  D.6  in  Appendix  D  show  the  amount  and 
type  of  precipitation,  the  snowpack  depth,  minimum  and  maximum  air 
temperatures,  and  relative  humidities  for  each  day  of  these  three 
months.  Also  shown  on  these  three  tables  are  notes  indicating  the 
potential  of  sn owme Its  for  each  day,  based  on  air  temperatures  and 
changes  in  observed  snowpack  depths  as  recorded  at  the  airport. 
Hourly  temperature  observations  were  studied  to  determine  the 
possibility  of  afternoon  melts  caused  by  afternoon  warming,  versus 
major  s  n  owme  Its  that  were  caused  by  temperature  rises  of   longer 
duration.  This  information  was  used  to  determine  if  the  observed 
outfall   runoff  was  cold  weather  baseflow,  sno  wm  elt  induced  by  rain, 
minor  afternoon  melts,  or  major  sn  owme Its. 

Snowpack  depths  and  "water  equivalents"  are  measured  twice  a  month 
at  many  locations  throughout  Ontario,   including  several   locations 
in  the  Toronto  area.  Table  4.6  summarizes  those  observations  that 
were  available  during  the  period  of  the  sno  wm  elt  study,  for  four 
sampling  locations  near  the  Humber  River  basin  (Albion  Hills,  Cold 
Creek,  Claireville  and  Boyd).  The  approximate  snowpack  age  (days 
since  previous  major  snowfall)   is  also  shown.  Snow  depths  of  up  to 
50  cm  were  recorded  in  early  February,  but  the  range  observed  at 
these  four  sites  varied  considerably.  By  mid  February,  much  of  the 
snow  had  melted.  The  snowpack  then  increased  during  March,  with 
depths  up  to  30  cm  observed.  The  snowpack  densities  (percentage  of 
snowpack  that   is  water)  varied  from  lows  of  approximately  18 
percent  for  deep  and  fresh  snowpacks,  to  highs  of  40  percent  for 
old  and  thin  snowpacks.  Fresh  snow  densities  (i.e.  falling  snow) 
were  observed  at  Toronto  PIA  and  averaged  approximately  eight 
percent.  These  data  were  used  to  estimate  the  water  equivalents  of 
the  daily  snowpack  melts  as  recorded  at  the  airport.  Variations  in 
snowpack  depths  and  water  equivalents  between  the  airport 
observation  site  and  the  runoff  monitoring  sites  could  be  a  cause 
of  errors.  These  potential  errors  are  measured  in  the  next 
subsection,  based  on  water  and  sno  wm  elt  mass  balance  calculations. 


4  .  2 


TORONTO  OUTFALL  RUNOFF  OBSERVATIONS 


4.2.1  WARM  WEATHER  RUNOFF  OUTFALL  HYDROLOGY 

Rv  IS  the  ratio  of  outfall  runoff  volume  divided  by  rainfall 
volume.  A  low  Rv  value  indicates  high  runoff   losses,  while  a  high 
Rv  value  (approaching  1)  indicates  very  low  runoff  losses.  Tables 
D.6  and  D.7  show  the  observed  runoff  flows  for  the  Thistledown  and 
Emery  catchments.  Tables  D.8  and  D.9  list  the  observed  Rv  value  for 
each  event  monitored  at  the  two  monitoring  sites. 
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Jan.  3, 

1984 

9 

to 

36 

5 

16 

11 

to 

42 

8 

Feb.  1 

21 

to 

50 

6 

15 

TR 

to 

19 

20 

Mar.  2 

9 

to 

31 

3 

15 

11 

to 

32 

10 

Table  4.6   SNOWPACK  DENSITIES 


Aged  Snow  (in  snowpack): 

density 
observation     snow  depth   approx.  snow   (water  as  a  {percentage 
date  (cm)        age  (days)     of  snow  depth)* 

18% 
20 
18 
40 
19 
23 

*  averaged  for  four  Humber  River  watershed  sites:   Albion  Hills, 
Cold  Creek,  Claireville,  and  Boyd 


Fresh  Snow  (as  falling):** 

number  of      range  of  average 

month      observations   density  density 

January    13  3  to  15%  8 

February    8  6  to  13  8 

March      10  5  to  16  9 

**  Pearson  Airport  observations 
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Figure  4.1  is  a  probability  plot  of  paired  observations  of  unit 
area  runoff  volumes  from  the  two  catchments.  The  data  points  for 
each  catchment  are  for  the  same  rain  events,  so  any  differences  in 
runoff  response  should  be  little  affected  by  rain  differences.  The 
residential  catchment  had  60  to  70  percent  of  the  runoff  volume  as 
the  industrial  catchment  for  the  same  rain  events.  This  difference 
did  not  vary  significantly  for  different  size  events. 

Figure  4.2  is  a  histogram  showing  seasonal  variations  in  total 
baseflow  and  stormwater  flows  from  the  two  catchments  for  each 
month.  The  total  runoff  volume  is  seen  to  vary  significantly  from 
month  to  month,  again  with  the  industrial  catchment  having  greater 
runoff  vol ume  s  . 


Detailed  analyses  of  the  Rv 
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shows  the  resulting  equation 
rain  for  the  complete  ThistI 
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of  different  depths.  The  run 
is  quite  linear,  while  the  R 
significantly  increase  as  th 
Rv  value  indicates  changes  i 
events.  The  Thistledown  resi 
grass  swales  for  approximate 
result  in  significant  runoff 
in  swales  for  water  quality 
as  runoff  was  not  observed  i 
expected  to  absorb  all  "gutt 
approximately  15  mm  in  depth 
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fact,  "grab"  water  samples 
re  very  difficult  to  obtain 

often.  These  swales  are 
or  rain  events  less  than 
roximately  3  0  mm  of  rain, 
served  compared  to  typical 


4.2.2  COLD  WEATHER  BASEFLOW  AND  SNOWMELT  HYDROLOGY 

The  Emery  (industrial)  monitoring  station  was  used  to  monitor  cold 
weather  baseflows  and  snowmelts  from  January  4th  through  March 
22nd,  1984.  The  Thistledown  (mixed  residential  and  commercial 
catchment)  monitoring  station  was  used  to  monitor  cold  weather 
baseflows  and  snowmelts  from  February  2nd  through  March  25th,  1984 
Tables  D.10  and  D.11  summarize  each  snowmelt  runoff  event 
monitored.  A  total  of  27  events  were  sampled  in  the  industrial 
catchment  and  26  events  sampled  in  the  residential  /  commercial 
catchment.  Flow  rates  were  continuously  monitored  in  both 
catchments.  These  tables  shows  the  following  data: 
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Table  A. 7   RAIN/RAIi:FALL  RELATIONSHIPS  FOR  TOTAL  TEST  CATCHMENTS 


Emery  (Industrial)  data  analysis  (for  1  to  15  mm  rains): 


Y  =  0.285  -  0.00191X  +  0.0228X"' 


0.88 


Thistledown   (Residential)  data  analysis  (for  1  to  22  mm  rains): 


Y  =  -0.255  +  0.216X 


R   =  0.91 


Model  results  (with  estimated  extrapolations): 


Emery 

Thistledown 

ratio  of 

rain 

runoff 

Rv 

runoff 

Rv 

Emery /Thistledown 

(mm) 

(mm) 

(mm) 

runoff  (mm) 

1^^^ 

0 

0 

0 

0 

_ 

2 

0.52 

0.26 

0.22 

0.11 

2.4 

5 

1.65 

0.33 

0.85 

0.17 

1.9 

10 

3.68 

0.37 

1.84 

0.18 

2.0 

15 

5.84 

0.39 

2.99 

0.20 

2.0 

20 

8.22 

O.Al 

4.34 

0.22 

1.9 

"(2) 
AO 

(2) 
90^  '' 

10.9 

O.AA 

5.78 

0.23 

1.9 

19.6 

0.A9 

10.4 

0.26 

1.9 

36.3 

0.56 

21.6 

0.33 

1.7 

55.7 

0.62 

37.4 

0.42 

1.5 

(1)  assumed  runoff  values  are  zero  for  1  mm  rains 

(2)  extrapolated  runoff  values  beyond  observed  data  range 
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1)  start  and  finish  times  for  runoff  and  melt  events, 

2)  runoff  duration, 

3)  peak  and  average  runoff  flows, 

4)  total  runoff  volumes, 

5)  snowpack  depth  melt  equivalent. 

6)  Toronto  PIA  temperature  and  precipitation,  and 

7)  Toronto  PIA  wind  and  humidity. 

Each  s  nowme It  event  is  also  characterized  by  type,   i.e.  s  nowme I  t  , 
baseflow,  afternoon  melt,  or  rain  induced  melt.  These  designations 
were  determined  from  Toronto  PIA  weather  data,  snowpack 
measurements  and  local  sno  wm  elt  hydrographs.   It  was  quite  difficult 
to  predict  when  a  period  of  "only  baseflow",  or  "only  afternoon 
melt"  would  occur.  Many  water  quality  samples  were  combinations  of 
several  types  of  events.  The  sample  designations  were  especially 
useful  when  interpreting  the  water  quality  data  presented  in 
Section  5  . 

Table  4.8  shows  the  runoff  volumes  associated  with  snowmelts  alone 
and  the  runoff  volumes  associated  with  snowmelts  mixed  with  rain. 
Except  for  January,  snowmelts  with  rain  accounted  for  more  than  70 
percent  of  the  total  cold  weather  event  runoff  volumes.  Very  little 
rain  occurred  in  January,  but  substantial   rain  occurred  in  February 
and  March  during  warm  periods.  Most  runoff  events  generally  had  low 
peak  flow  rates,  especially  when  compared  with  the  warm  weather 
flows.  However,  several  major  snowmelt  events  in  Thistledown 
(residential  /  commercial)  had  peak  flow  rates  from  20  to  more  than 
60  times  the  beginning  or  initial   flow  rates.  The  ratios  of   initial 
to  peak  flow  rate  for  the  Emery  (industrial)  catchment  were  not  as 
great,  with  few  ratios  exceeding  20.  The  snowmelt  yields  (mm  runoff 
equivalent)  were  much  larger  for  the  residential  /  commercial  area 
than  for  the  industrial  area.  The  Thistledown  sn  owme It  yields  were 
from  approximately  1.5  to  6  times  the  yields  observed  from  Emery. 
There  are  several  possible  explanations  for  this  difference.  For 
example,  more  snow  and  rain  may  have  fallen  in  Thistledown,  or 
Thistledown  may  have  had  much  less  "other"  flow  losses  when  to 
Emery  (especially  infiltration  during  s  nowme It).  Alternatively,   the 
melting  efficiency  at  Thistledown  was  much  greater  than  at  Emery. 
The  smaller   lot  sizes  and  the  more  dense  drainage  system  in 
Thistledown  probably  was  responsible  for  better  melting  conditions 
and  more  efficient  s  nowme It  transport. 

Cold  weather  inter-event  baseflow  volumes  were  continuously 
recorded  at  each  monitoring  station  and  are  summarized  on  Tables 
D.12  and  D.13.  From  15  to  60  mm  of  baseflow  were  discharged  from 
each  catchment  per  month  during  the  monitoring  period.  Thistledown 
recorded  greater  baseflow  discharges  than  Emery.  Generally,  cold 
weather  baseflow  occurred  approximately  80  to  90  percent  of  the 
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Table  4.8   SNOWMELT  PERIODS 


snowraelt 
alone 

mm     % 


rain  with 
snowmel t 

mm      % 


total 

mm 


January 
Emery 

7.2 

81% 

1.7 

19% 

8.9 

February 
Emery 
Thistledown 

6.1 
9.7 

13 
14 

40.0 
62.1 

87 
86 

46.1 
71.8 

March 
Emery 
Thistledown 

2.9 

23.4 

11 
28 

24.6 
61.6 

89 

72 

27.5 
85.0 
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time,  with  sno  wm  elt  events  occurring  during  10  to  20  percent  of   the 
time.  The  exception  to  this  generalisation  was   in  Thistledown 
during  February. 

Tables  4.9  and  4.10  summarize  these  cold  weather  baseflows  and 
snowmelts  from  Thistledown  and  Emery   in  the  form  of  water  mass 
balances.  The  Thistledown  runoff  discharges  were  substantially 
greater  than  for  Emery,  as  noted  above.   If  was  assumed  that  the 
rain  and  snowfall,  plus  the  changes   in  snowpack  volume  were  the 
same  for  each  catchment.  The  monthly  "baseflows  plus  errors"  shown 
vary  from  approximately  -20  to  66  mm  per  month.   The  negative  values 
may  be  cancelled  by  positive  values  in  adjacent  months.  These 
values  include  the  combined  effects  of  baseflow,  measurement 
errors,  unmeasured  sublimation  and  infiltration  losses,  uneven 
snowpack  depths  and  water  densities,  uneven  snowfalls  and  unevenly 
distributed  rain  events  over   the  study  area.  Considering  these 
potential  error  sources,   it   is  surprising  that  these  "baseflow  plus 
error"  values  are  as  close  to  the  baseflow  measurements  as  they 
are.  Thistledown  cold  weather  baseflows  were  measured  to  be 
approximately  0.9  to  1.6  mm  per  day,  while  the  Emery  cold  weather 
baseflows  were  measured  to  be  approximately  0.5  to  0.8  mm  per  day. 

The  Emery  warm  weather  discharges  were  also  substantially  greater 
than  the  Thistledown  warm  weather  discharges,  possibly  accounting 
for  the  decreased  winter  Emery  discharges.  The  Thistledown 
discharges  could  therefore  be  more  evenly  spread  throughout  the 
year.  The  potential  errors  listed  above  could  possibly  cause  the 
baseflow  estimates  to  vary  by  approximately  50  percent. 

4 .3   RUNOFF  FLOWS  FROM  SOURCE  AREAS 

Typically,  urban  area  hydrology  components  are  accepted  as  the  most 
accurate  components  of  urban  runoff  models.  This  is  especially  so 
for  small   impervious  areas  of  a  watershed.  Novotny  and  Chesters 
(1981)  state  that  these  analyses  are  accurate  to  within  a  few 
percent.   If  there  are  any  inaccuracies  in  the  hydrology  portions  of 
a  model,   then  the  other   related  model   components  magnify  these 
errors.  Lazaro  (1979)  reports  that   if   researchers  could  gain  a 
better  understanding  of  the  hydrology  of  small   inlet  areas,  then  it 
would  be  a  simple  procedure  to  simulate  hydrographs  for   larger 
areas  . 

Surface  runoff  occurs  when  "losses"  cannot  keep  up  with  the 
rainfall  rate.  Various  models  address  these  losses  somewhat 
differently,  but  typically  include  an  infiltration  relationship  for 
pervious  areas  (the  Norton  equation   is  co  mm  on)  and  an  empirical 
relationship  for  surface  detention  /  storage  for   impervious  areas. 
Some  models  also  address  evaporation,  snow  accumulation  and 
s  nowme I  t  . 

The  differences  between  the  volumes  of  rain  that  fall  and  the 
volumes  of  runoff  generated  are  the   losses  associated  with  various 
mechanisms.  The  way  different  urban  runoff  models  deal  with  these 
losses  IS  important.   The  runoff  models  that  are  used  in  urban 
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Table  4.9   WINTER  WATER  BALANCE  FOR  THISTLEDOWN 


February  March 

1984  1984 

(equivalent  water  depth,  mm) 


discharges : 

snowmelt  events 
cold  baseflows 
total 

rain  and  snow: 
rain 
snow 


total 
snowpack  change: 

,  .. .      ..(1) 
total   inputs  '    : 

minus  snowmelt  events: 

total  baseflows  and  errors 

monthly  averages: 


(2.) 


73 . 6mm 
26.6 


-19.6mm 
-0. 7mm/day 
-0.08L/sec/ha 
-6. 9m  /day/ha 
-200m  /month/ha 


85. 2mm 
50.9 


100.2mm 

136. 1mm 

39.2mm 

3  5 • 4mm 

19.8 

24.1 

59.0mm 

59 . 5mm 

5mm 

34mm 

accumulation 

melt 

54 .0mm 

93.5mm 

-73.6 

-85.2 

8 .  3mm 
0.3mm/day 
0.04L/sec/ha 
3.5m  /day/ha 
83m  /month/ha 


( 1 )  inputs  =  rain  +  snow  -  snowpack  accumulation  +  snowpack  melt 

(2)  "Baseflows  and  errors"  is  the  combined  effect  of  baseflows;  sublimation; 
and  uneven  snowfall,  rain,  and  snowpack  water  content  in  the  study  areas 
and  between  the  study  areas  and  locations  of  measurements.   It  also 
includes  measurement  and  other  errors,  of  course. 
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Table  A. 10   WINTER  WATER  BALANCE  FOR  EMERY 


January         February       March 
1984  198A  198A 

(equivalent  water  depth,  mm) 


discharges : 

snowmelt  events 
cold  baseflows 
total 

rain  and  snow: 
rain 
snow 


total 
snowpack.  change: 

,  .. .      ..(1) 
total   inputs   -    : 

minus  snowmelt  events: 

total  baseflows  and  errors 

monthly  averages: 


(2) 


9.3mm 

A 7 .2mm 

27 .6mm 

16.3 

18.0 

25.0 

25.6mm 

6  5 . 2mm 

52.6mm 

3.6mm 

39 . 2mm 

35. Amm 

26.6 

19.8 

24.1 

30.2mm 

59.0mm 

59 . 5mm 

6mm 

5mm 

3  Amm 

accumulation 

accumulation 

melt 

2A.2mm 

5A.0mm 

93.5mm 

-9.3 

-A  7. 2 

-27.6 

lA. 9mm/mon 

th 

6.8mm/mon 

th 

65.9mm/month 

0. 5mm/day 

0.2mm/day 

2. Imm/day 

0.q6L/sec/ha 
5m  /day/ha 
150m  /month/ha 


0.02L/sec/ha 
2m  /day/ha 
68m  /month/ha 


0.24L/sec/ha 
21m  /day/ha 
660m  /month/ha 


(1)   inputs  =  rain  +  snow  -  snowpack  accumulation  +  snowpack  melt 

(2.)   "Baseflows  and  errors"  is  the  combined  effect  of  baseflows;  sublimation; 
and  uneven  snowfall,  rain,  and  snowpack  water  content  in  the  study  areas 
and  between  the  study  areas  and  locations  of  measurements.   It  also 
includes  measurement  and  other  errors,  of  course. 
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runoff  quality  studies  should  be  quite  different  fr  om  the  runoff 
models  that  are  used  to  design  drainage  facilities.  Simple 
approximations  may  be  adequate  for   some  users,  while  others  require 
more  complex  models.  This  study  used  urban  hydrology  data  to  obtain 
needed  information  concerning  the  sources  of  urban  runoff 
po  I  I  u  t  a  n  t  s  . 
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4.3.2  RUNOFF  LOSS  MODEL 

The  Toronto  outfall  runoff  monitoring  results  can  give  important 
insight  into  the  potential  sources  of  the  runoff  pollutants  in  the 
pilot  watersheds.  The  first  step  is  to  determine  the  sources  of  the 
runoff  flows.  This  was  done  by  first  quantifying  the  changing 
runoff  coefficients,  Rv  (the  runoff  volume  divided  by  the  rain 
volume),  for  different  rain  events.  Normally,  the  small  rain  events 
have  the  smallest  runoff  coefficients,  while  the  large  rain  events 
have  larger  runoff  coefficients.  The  changes  in  Rv  with  different 
rain  events  implies  varying  water   losses  and  different  runoff 
sources  contributing  to  the  outfall  discharges.  These  changes  can 
be  described  by  plotting  observed  total  runoff  versus  total  rain 
for   individual  rain  events. 

Figure  4.4  is  the  adopted  hydrology  model  describing  the  shape  of 
this  relationship.  The  controlled  washoff  tests  that  were  conducted 
on  impervious  surfaces  (described  in  Section  6.5)  also  resulted  in 
flow  data  that  were  used  to  verify  this  model  on  a  smaller  scale. 
The  outfall  runoff  yields,  in  contrast,  were  used  to  examine  this 
model  when  all  pervious  and  impervious  drainage  areas  are 
considered  together.  With  this  model,   the  Rv  response  curve  departs 
from  the  x-axis  at  the  time  representing  first  detectable  (low 
(to)    This  time  lag  corresponds   to   initial   rain   losses.  For 
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Runoff 
Volume 


Loss 


FIGURE  4.4   Explanation  of  Changing  R^  Value 
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impervious  areas,   this  lag  is  usually  associated  with  flash 
evaporation,  water  absorption  by  street  dirt,  surface  tension 
capture  due  to  the  scale  of  surface  roughness  and  initial 
depression  storage   For  pervious  surfaces,  these  losses  are  mostly 
from  infiltration  and  surface  detention  /  storage.  At  some  time 
Ctl),  additional  water   losses  become  minimal.  For   impervious  areas, 
this  IS  due  to  depression  storage  becoming  filled,  evaporation 
becoming  insignificant  due  to  pavement  cooling,   infiltration 
through  the  pavement  or  through  cracks  slowing  due  to  saturation  of 
the  underlying  soil  and  street  dirt  becoming  saturated.  Between 
these  times,   the  Rv  value  increases  dramatically,   from  nothing  to 
its  maximum  value,  with  the  time  required  depending  mostly  on  the 
intensity  of   the  rain  and  duration  of   the  storm. 

This  hydrology  model  can  be  used  to  estimate  runoff  losses  for 
paved  streets,  parking  lots,  sidewalks  and  driveways.  Rooftop 
losses,  along  with  pervious  area  losses,  were  estimated  by  using 
the  combined  data  obtained  from  the  outfall.  The  estimates  of 
losses  obtained  from  outfall  data  were  dominated  by  pervious  area 
infiltration  losses  and  the  impervious  area  losses  that  were  well 
documented.  Therefore,  the  pervious  area  losses  were  estimated  by 
subtracting  the  impervious  area  losses  from  the  total  outfall 
calculated  losses. 

This  model,  based  on  different  runoff  responses  from  different   land 
surfaces,  can  be  used  to  construct  the  main  components  of  an  unit 
hydrograph.  A  major  difficulty  with  unit  hydrographs,  however,   is 
the  assumption  of  similar  hydrograph  shapes  for  different  size  rain 
events.  Figure  4.6  shows  how  urban  source  area  unit  hydrographs  are 
combined  to  produce  a  complete  hydrograph  for  the  complete  drainage 
area  (Amy  et  al.,   1974).  Directly  connected  impervious  areas 
contribute  the  first  flows.  More  distant   impervious  areas  and 
pervious  areas  contribute  flows  at  a  later  time.  Depending  on  the 
magnitude  of  the  rain,  some  of  these  later  components  may  never 
contribute  to  the  total  flow.  Therefore,  the  overall  shape  of  the 
outfall  unit  hydrograph  is  very  dependent  on  the  size  of  the  storm 
which  determines  the  contributing  components. 


4.3.3  STREET  WASHOFF  TESTS 
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FIGURE    A. 5 

Hypoth»tlc«l  Hydroflfph  tor  Urban  W«tTih«d> 

iOMict     Irom  Amy.  ^it.  Smgtv  B«dla<d  and  L*  Qitti.  1974. 
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Table  4.11   SOURCE  AREA  FLOW  CONTRIBUTIONS 


Street  Runoff  (used  for  directly  connected  impervious  areas): 


Y  =  predicted  runoff  (mm) 
X  =  observed  rain  (mm) 


smooth  streets; 


Y  =  -0.288  +  0.631X  +  0.00595X 


R^  =  0.999   (for  1  to  25  mm  rains.) 


rough  streets: 


Y  =  -0.414  +  0.588X  +  0.00457X 


,2 


R   =  0.999   (for  1  to  25  mm  rains.) 


Smoo 

th 

Rough 

rain 

runoff 

runoff 

Average 

(mm) 

(mm) 

Rv 

(mm) 

Rv 

Rv 

1 

_ 

0 

_ 

0 

0 

2 

1.0 

0.50 

0.8 

0.39 

0.45 

5 

3.0 

0.60 

2.6 

0.53 

0.56 

10 

6.6 

0.66 

5.9 

0.59 

0.63 

15 

10.5 

0.70 

9.4 

0.63 

0.66 

20 

14.7 

0.74 

13.2 

0.66 

0.69 

65^^) 
90(^) 

19.2 

0.77 

17.1 

0.69 

0.73 

34 

0.85 

31 

0.78 

0.82 

60 

0.92 

56 

0.86 

0.89 

85 

0.94 

81 

0.90 

0.92 

(1)   Beyond  limits  of  observation,  the  resulting  runoff  volumes  and  Rv 

values  were  estimated  from  data  obtained  in  Milwaukee  monitoring  of 
large  parking  lots. 
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Figures  47  through  49  su  mm  arize  the  expected  runoff  coefficient 
variations  for  pervious,   intermediate,  and   impervious  areas  for  all 
Humber  River  catchments.  The  different   land  surface  configurations 
of   the   industrial  and    residential   /  c  omme  rcial   test  catchments 
allowed  these  runoff  calculations  to  be  made,  using  the  street 
washoff  test  results  and  outfall   runoff  observations.  By  assuming 
similar   runoff   responses  for  similar  surfaces,   irrespective  of   land 
use,  sufficient   information  was  available  to  calculate  these 
curves.   If  additional  catchment  runoff  data  for  other   land  uses 
(especially  open  space  areas  and  large  flat  roofs)  were  available, 
then  further  refinements  in  these  predictions  could  be  made.  These 
curves  are  quite  similar  to  those  obtained  in  other  study  areas 
(eg.  Bannerman,  et  al   1983  for  Milwaulkee  and  Pitt,  1984  for 
Bellevue,  Washington). 

The  same  infiltration  mechanisms  were  assumed  for  pervious  areas  in 
both  the  residential  and  industrial  areas.  Since  the  land  surface 
configuration  was  very  different  in  both  test  basins,  this 
assumption  allowed  the  pervious  Rv  response  to  be  verified. 

Figures  4.10  and  4.11  show  the  predicted  runoff  coefficient 
variations  for  two  extreme  land  uses  using  these  predicted  runoff 
values.  Figure  4.10  is  for  a  park  and  shows  the  low  runoff  expected 
for  most  rain  events.  Rv  values  of  less  than  0.3  are  typical. 
Figure  4.11  shows  the  Rv  for  a  mostly  pervious  shopping  center.  The 
relatively  high  Rv  values  vary  from  approximately  0.6  to  0.8 
throughout   the  normal   rain  range. 

Figures  412  and  4.13  show  how  the  different   land  surfaces  in  the 
two  basins  contribute  different  percentages  of  the  warm  weather 
outfall   flows,  according  to  the  rain  volume.  The  industrial 
catchment  has  quite  consistent  runoff  sources,  with  paved  parking 
areas  and  connected  roofs  contributing  almost  all  of  the  flow. 

Pervious  areas  would  not  start  contributing  flows  until  after 
approximately  40  mm  of  rain  has  fallen.  Runoff  sources  in  the 
residential  area  are  much  more  diverse,  but  pervious  areas 
contribute  little  runoff,  even  at  90  mm  of  rain.  Pervious  areas 
contribute  only  approximately  25  percent  of  the  runoff  at  this 
extreme  rain  value. 

Cold  weather  sn owme It  runoff  contributions  can  be  assumed  to  be 
almost  directly  related  to  the  surface  area  of  each  land  surface 
component    In  most  cases,  delivery  of  sn  owme It  water   is  very 
efficient  because  the  underlying  soils  are  either  usually  frozen  or 
saturated  resulting  in  very  little  infiltration  of  runoff.   If  the 
fall  months  were  dry,  then  significant  soil   infiltration  may  occur 
during  s  n  owme I  t  .  Snowme It  originating  close  to  the  drainage  system 
(e.g.  near  roads)  would  also  be  more  efficiently  transported  to  the 
outfall   than  s  nowme It  originating  further  from  the  drainage  system. 
When  snow  begins  to  warm,   it  first   increases  in  water  density 
before  much  runoff  occurs.   The  snowpack   is  said  to  "shrink".   In 
cities,  much  of   the  sn  owme It   runoff  appears  to  originate  from 
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beneath  the  saturated  and  warmed  snowpack,  with  very  little  runoff 
flowing  over   the  top  of   it    This  may  be  caused  by  the  significant 
moving  and  piling  of  snow  that  occurs  near  roads,  walks,  parking 
areas,  etc.,  making  the  snow  surface  very  uneven  and  flow  over  the 
snow  surface  difficult    In  open  areas  (or   large  industrial   lots), 
less  disturbance  of  the  snow  surface  occurs  and  different  melting 
processes  probably  occur   With  much  subsurface  sn  owme It  flow,   the 
potential   for   infiltration  into  dry  and  nonfrozen  soils  is 
increased. 

For  CO  mm  on  frozen  or  saturated  soil  conditions,   it  makes  little 
difference  if  the  source  area  is  pervious  or   Impervious.  Table  B.I 
in  Appendix  B  can  therefore  be  used  to  estimate  the  importance  of 
the  different  source  areas  in  contributing  to  sno  wm  e I  t  runoff. 
Table  2.7  showed  the  flow  (along  with  pollutant)  contributions  from 
s  n  owme  It   from  different  source  areas   in  the  residential  and 
industrial   study  areas   During  snow  melting  periods,   roofs,   front 
yards,  and  backyards  in  residential  areas  each  contribute 
approximately  20  to  30  percent  of   the  total   runoff  volume.   In 
industrial  areas,  paved  parking  and  storage  areas,  roofs, 
landscaped  areas  and  open  space  each  also  contribute  approximately 
20  to  30  percent  of  the  total   runoff  volume.  Therefore,  sources  of 
flow  are  much  more  related  to  the  more  distant  source  areas  during 
s  nowme It   than  during  sto  rmwa  ter  runoff.  However,  during  initial 
periods  of  sn  owme It,  or  for  small  afternoon  s  nowme Its,  areas 
adjacent  to  the  drainage  system  (such  as  street  side  snow  windrows) 
probably  contribute  more  melt  water  (and  pollutants)  than  areas 
further   from  the  drainage  system. 

A . 4    STATISTICAL  ANALYSES  FOR  HYDROLOGY  MODEL  DEVELOPMENT 

A  series  of  statistical   tests  were  conducted  using  the  warm  weather 
s  1 0  r  mwa  ter  runoff  data.  The  purpose  of  these  tests  were  to  identify 
relationships  concerning  important  urban  hydrology  parameters  and 
to  help  understand  the  "structure"  of  sto rmwa ter  runoff  hydrology. 
If  successful,  the  structure  analysis  identifies  simplifying 
interrelationships  of  the  model  parameters.  Three  types  of 
statistical   tests  were  conducted: 

1)  paired  analyses  using  carefully  matched  rainfall  and 
runoff  data  from  the  two  catchments, 

2)  analyses  using  all  of  the  related  outfall  and  rain  data 
from  the  two  catchments,  and 

3)  regression  analyses   to  identify  simple  relationships 
between  selected  runoff  and  rainfall  parameters. 

The  following  paragraphs  s  umma  rize  these  statistical  analyses  and 
present  selected  examples. 
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A  second  paired  statistical   test  performed  on  the  hydrology  data 
was  an  examination  of  the  ratios  of  the  peak  to  average  runoff 
volumes.  These  runoff  flow  rate  ratios  were  plotted  against  rain 
volume.  A  significant  (and  expected)  trend  was  observed  showing 
that  the  peak  to  average  runoff  rate  ratio  increased  with 
increasing  rain  volume  and  was  different  for  each  catchment.  These 
data,  along  with  selected  hydrographs  for  many  events,  could  be 
used  using  cluster  analyses  to  construct  a  predictive  procedure  to 
construct  "unit"  hydrographs,  as  a  function  of  land  use  and  total 
rain  volume  for  Toronto. 

4.4.2  ALL  CATCHMENT  OUTFALL  DATA 

Many  statistical  tests  were  performed  using  the  complete  set  of 
warm  weather  rain  and  hydrology  data  from  each  catchment.  This  data 
set  was  assembled  after  extensive  quality  control  analyses  to 
correct  or  delete  incorrect  data.   It  contained  data  from  60  storms 
from  Emery  and  35  storms  from  Thistledown.  These  storms   were 
analysed  using  five  independent  rain  variables  as  follows: 


1  ) 


total   r  a 


V  o 1  ume 


2  ) 


duration  of  rain. 


3)  average  rain   intensity, 

4)  peak  5-minute  rain  intensity,  and 

5)  dry  period  preceding  rain 
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and  five  dependent  slormwater  runoff  variables 

6)  total   runoff  volume, 

7)  duration  of   runoff, 

8)  average  discharge  rate, 

9)  peak  discharge  rate,  and 


10) 


the  lag  period  to  start  of  runoff 


nee  start  of  rain 


A  comprehensive  microcomputer  statistical  package  (SYSTAT.  The 
System  for  Statistics.  Version  2,  from  Systat,  Inc.,  Evanston, 
Illinois)  was  used  for  these  analyses. 

The  first  set  of  analyses  included  descriptive  s  umma  r  i e  s  off  all 
variables.  The  following  examples  are  a  few  of  the  more  c  ommo  n 
procedures  that  were  used.  Figure  D.I   is  a  histogram  and  normal 
probability  plot  of  the  dependent  runoff  variable,  RUNTOT  (total 
runoff  volume,  normalized  by  area).  These  plots  show  that  RUNTOT  is 
not  normally  distributed  and  that  appropriate  transformations  would 
be  needed  for  conventional  statistical  analyses,  or  nonparametric 
statistical  procedures  (that  do  not  require  normally  distributed 
data)  should  be  used  on  this  variable.  An  example  of  a  suitable 
transformation  is  the  I og - t r a n s f o rma t i on  that  was  used  in  the 
paired  analyses  described  above.  Conventional  statistical  analyses 
would  include  the  Student's  "t",  and  linear  regression  analyses. 
Usually,  a  combination  of  transformed  data  and  nonparametric 
procedures  provides  the  best  results. 

The  data  was  also  s  umma  rised  with  sequence  correlations  by  making  a 
sequence  series  plot   An  example  of  this  Is  shown  on  Figure  D.2. 
This  plot  shows  little  correlation  of  RUNTOT  with  the  sequence  of 
observation.  Therefore,  the  time  period  and  previous  observations 
had  little  effect  on  the  RUNTOT  variable.  Other  examples  of 
descriptive  statistical  analyses  that  were  conducted  include  box 
plots  and  stem  and  leaf  plots  (Figure  D.3).  These  plots  also 
demonstrate  the  distribution  pattern  of  the  variable. 

One  of  the  most  comprehensive  procedures  to  identify  the  structure 
of  the  data  is  to  use  cluster  analyses.  Figure  D.4  is  a  dendogram 
"tree"  that  identifies  the  closeness  and  complexities  of  the 
different  variables  to  each  other.  As  an  example,  the  variables 
RUNTOT  (normalized  runoff  volume)  and  RAINTOT  (rainfall  volume)  are 
closely  and  simply  related  to  each  other.   In  contrast,  AVEDIS 
(average  runoff  discharge  rate)  and  AVEINT  (average  rain  intensity) 
are  closely  related,  but  in  a  complex  manner.  The  relationship 
requires  possibly  PEAKINT  (peak  rain  intensity),  PEAKDIS  (peak 
runoff  discharge  rate),  and  AVEDIS  to  explain  AVEINT.  More 
conventional  scatter  plots  (Figure  D.5)  also  demonstrate  the  close 
relationship  between  RUNDUR  and  RAINDUR  and  the  poor  direct 
relationship  between  AVEINT  and  AVEDIS. 
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Scatter  plots  were  prepared  for  each  variable  combination.  Scatter 
plots  are  helpful   to  identify  good  and  simple  relationships,   but 
they  cannot  help  in   identifying  additional  variables  that  may  be 
needed  for   the  more  complex  relationships- 
Further   investigations  of   the  structure  (and  potential  model 
building)  between  variables  is  possible  using  factor  analyses  of 
principal  components.  SYSTAT  performs  a  factor  analysis  procedure 
in  three  parts,  as  shown  in  Table  D.14.  Many  options  are  available 
in  SYSTAT's  factor  analysis  procedures,   including  different 
variable  rotations  and  normalizations.  The  selection  of  the  default 
options,  however,  was  found  to  be  most  useful   to  determine  the 
benefit  of  principal  components.   If  found  to  be  useful,   then  the 
different  options  can  be  quite  helpful   in  fine  tuning  the  resulting 
model  at  a  later  time   The  program  first  calculates  a  correlation 
matrix,  showing  simple  correlations  between  the  variables  being 
considered.  A  obviously  high  correlation  exists  between  RAINTOT  and 
RUNTOT,  as  described  earlier.  This  matrix,  however,  does  not  show 
the  correlations  for   the  more  complicated  relationships. 

The  second  part  of  the  factor  analysis  is  the  calculation  of   latent 
roots  to  explain  the  variance  between  the  variables,  for  a  series 
of  factor  components   A  factor  component  can  be  described  as  a 
selection  of  variables  (factors)  that  are  grouped  together  into  a 
"component"  for  the  purpose  of  an  analysis  or  calculation.  As  shown 
on  Table  D.14,  the  first  three  factor  components  explain  90  percent 
of  the  variance.   It  would  be  preferable  if  only  one  or  two  factor 
components  explained  a  satisfactory  amount  of   the  variance. 


The  third  part  of  this  analysis  calculates  the  loadings  for  each 
factor  component.   In  this  example,   the  first  and  most  important 
factor  component  is  quite  complex  (containing  four  of  the  seven 
variables  in  significant  amounts).  The  first  three  factor 
components  contain  all  seven  variables.  Therefore,  the  overall 
structure  defined  in  this  example  is  quite  complex  and  the  use 
factor  analysis  would  not  be  a  useful   simplifying  procedure.  A 
satisfactory  use  of  principal  components  would  result  in  a  few 
simple  factors.  A  factor  analysis  containing  many  variables  ts 
bound  to  be  complex.  Careful  selection  of  the  variables  to  be 
analysed  is  therefore  needed.  The  use  of  models  containing 
individual   independent  variables  is  therefore  preferred  for  this 
c  omp lex  ex  amp  I e . 


of 


also 


4.4.3  REGRESSION  ANALYSES 

SYSTAT  contains  several  very  powerful   regression  analysis  programs. 
This  subsection  describes   the  development  of  a  typical  model   using 
regression  analysis    In  this  example,  a  stepwise  (additive) 
multiple  regression  analysis  is  used.  A  stepwise  regression 
analysis  examines  each  of  a  list  of  predictive  (independent) 
variables  for  inclusion  in  a  model  describing  the  dependent 
variable.   If  a  variable  significantly  improves  the  model,   it   is 
added.   If   the  variable  does  not,   it   is   left  out  of   the  model.  After 
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each  addition  to  the  model,  previously  added  variables  are 
reexamined  and  removed  if  redundancy  is  detected. 

Table  D.15  Is  an  example  of  this  procedure.  The  recommended  model 
should  contain  a  constant  term  and  the  variables  AVEINT,  DRYPER, 
and  RAINTOT  to  predict  RUNTOT.  A  model  using  these  ( no n t r a n s f o rme d ) 
variables  was  then  developed,  as  shown  on  Table  D.16.  The  most 
significant  variable  in  the  model   is  RAINTOT  with  a  significance 
exceeding  99  percent.  The  adjusted  correlation  coefficient  (R^)  of 
the  model   is  0.84.  Figure  0.6  is  a  scatter  plot  of  the  model 
estimates  versus  observed  values.   It  Is  obviously  not  a  perfect 
model  with  an  R^  value  lower  than  1.0. 

The  correlation  matrix  for  the  variables  Is  also  calculated  to 
identify  redundancies,  even  though  these  are  unlikely  using 
stepwise  regression  procedures.  However,  redundancies  can  occur 
through  spurious  selfcorrelations.  For  example,   if  the  stepwise 
regression  recommends  the  variables  RAINTOT,  AVEINT,  and  RAINDUR, 
only  two  of  these  three  variables  are  needed  because  RAINTOT  equals 
AVEINT  times  RAINDUR.  This  slightly  more  complex  relationship  would 
probably  not  be  detected  by  examining  a  correlation  matrix,  but  by 
only  knowing  the  origin  of  the  variables  and  the  likely  processes 
being  mode  led. 

Additional  checks  of  the  model  are  needed  to  confirm  that  the 
assumptions  required  of  the  modelling  technique  are  met,  within 
reasonable  limits.  Figure  D.6  shows  a  slight  positive  bias  for   low 
observations  of  RUNTOT,  while  a  counteracting  negative  bias  may 
occur  for   larger  observed  values.  Histograms  of  the  estimates  of 
the  model  and  residuals  (observed  values  minus  the  associated 
estimated  values)  are  shown  on  Figure  D.7.  The  residuals  should  be 
normally  distributed,  as  indicated,  and  are  possibly  within 
reasonable  limits.  However,  as  a  further  check,   the  normal 
probability  plots  of  expected  values  and  residuals  on  Figure  D.8 
show  that  the  residuals  are  normally  distributed  over  most  of  their 
range,  except  for  the  tails. 

Figure  D.9  shows  scatter  plots  of  the  residuals  versus  the 
estimates  and  of  the  residuals  versus  the  storm  sequence.   In  both 
cases,  the  distribution  of  the  residuals  should  be  in  a  relatively 
narrow  and  even  band  throughout  the  estimate  and  sequence  ranges. 
The  residuals  indicate  a  slight  spreading  in  their  values  as  the 
estimates  increase.  This  is  commo  n  for  untransformed  data  that  are 
located  "close"  to  the  zero  value.   If  close  to  zero,  allowable 
observed  values  can  only  be  positive  and  are  small.   If  large  data 
values  are  also  obtained,  however,  then  there  Is  a  much  wider  range 
of  allowable  observations.  They  are  not  as  severely  restrained  by 
"zero".  Log- t r a n s f o r ma t I o n s  of  most  runoff  and  rain  variables  can 
be  used  to  reduce  this  potential  cone  shape.  There  does  not  appear 
to  be  any  serious  trends  of  residuals  with  sequence,  indicating 
serial   independence  of  the  model  variables. 
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4 . 5   HYDROLOGY  MODEL  CALIBRATION  AND  VERIFICATION 

The  hydrology  model  was  calibrated  using  the  small  and  large  scale 
tests  and  verified  by  examining  the  differences  associated  with  the 
two  different  land  use  study  areas.  These  estimates  of  model 
components  were  verified  by  comparing  the  estimates  with  the  best 
fit  from  different,  but  physically  close,   land  use  areas.  The  mixed 
residential  /  c  omme  rcial  catchment  had  significantly  different  Rv 
responses,  and  land  covers,  compared  to  the  industrial  catchment. 
The  Rv  values  for  similar  component  areas  in  these  catchments  was 
therefore  compared. 

The  Rv  coefficients  all   increased  with  increasing  rain  and 
decreased  relative  to  each  other  as  their  distance  from  the 
drainage  system  increased.  The  Rv  coefficients  were  also  much 
greater  for  the  impervious  areas  than  for  the  pervious  areas  for 
similar  rains,  as  expected.   It  should  be  noted  that  these  Rv  values 
are  significantly  smaller  than  the  Rational  Formula  "C"  coefficient 
that  IS  typically  used  in  urban  drainage  design  studies.  These 
differences  occur  because  drainage  systems  designers  are  mostly 
concerned  with  large  storms,  and  use  a  single,  worst  case,  runoff 
coefficient  to  predict  peak  runoff  rates  to  compensate  for  inherent 
inaccuracies  in  the  Rational  Method.  Problems  arise  when 
researchers,   investigating  urban  runoff  quality  use  these  larger 
values.  They  then  need  to  overcompensate  for  expected  higher  flows 
and  pollutant  runoff  from  impervious  areas  by  substantially 
decreasing  the  importance  of  flows  and  erosion  from  pervious  areas. 
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Table  4.13   MODELS  SELECTED  USING  ^^ULTIPLE  REGRESSION  ANALYSES  (STEP-HISE). 

ASSISTED  BY  CLUSTER  AND  FACTOR  ANALYSES  (only  using  statistically 
significant  independent  variables) 


Thistledown   (mixed  residential  and  commercial  area) 
Runoff  Total  Volume:   RUNTOT  =  -0.213  +  0.217  RAINTOT 

n  =  35     R^  =  0.81 
Peak  Discharge  Rate:   PEAKDIS  =  -0.883  +  2.523  AVEDIS  +  0.352  RAINTOT 

n  =  35     R^  =  0.95 
Average  Discharge  Rate:   AVEDIS  =  -0.791  +  0.182  PEAKINT 

n  =  34     R^  =  0.66 
Runoff  Duration:   RUMDUR  =  0.554  +  0.991  RAINDUR 

n  =  35     R~  =  0.98 

Lag  Between  Start  of  Rain  and  Runoff:   LAG  =25.9 

2 
n  =  35     R  not  applicable 

Emery  (industrial  area) 

Runoff  Total  Volume:   RUNTOT  =  -0.186  +  0.279  RAINTOT 

n  =  60     R^  =  0.82 
Peak  Discharge  Rate:   PEAKDIS  =  0.383  +  1.837  AVEDIS  +  0.104  RAINTOT 

n  =  60     R"  =  0.75 
Average  Discharge  Rate:   AVEDIS  =  0.471  +  0.148  RAINTOT  -  0.117  RAINDUR 

n  =  59      R"  =  0.71 
Runoff  Duration:   RUNDUR  =  1.247  +  0.964  RAINDUR 

n  =  59     R^  =  0.93 

Lag  Between  Start  of  Rain  and  Runoff:   LAG  =  24.3 

2 
n  =  53      R   not  applicable 
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Table  4.14  and  Figures  4.14  and  4.15  show  the  results  of  the  runoff 
calibration  calculations  using  Thistledown  (mixed  residential   and 
c  o  mm  ercial   areaJ  and  Emery  (industrial   area)  data.  Table  4.14  shows 
that  the  runoff  predictions  were  generally  within  ten  percent  of 
the  observed  values  for  most  events.   The  small   events   in  Emery  were 
overpredicted  by  substantial  amounts,  however.  This  was  probably 
due  to  the  differences  in  the  permeability,  microdetention/storage, 
and  flash  evaporation  characteristics  of  the  generally  bad  pavement 
in  the  large  industrial  parking  and  storage  areas,  and  the  lack  of 
data  pertaining  to  flow  losses  associated  with  large  flat  roofs. 
These  large  percentage  differences  resulted  in  quite  small  real 
differences,  as  shown  on  the  plots  of  Figures  4.14  and  4.16.  The 
"predicted"  lines  for  both  areas  lie  very  close  (in  mm  of  runoff) 
to  the  "observed"  lines. 

The  runoff  data  was  extrapolated  to  cover   larger  events  than  were 
monitored  because  of  the  small  change  in  runoff   losses  expected  for 
the  larger  events  for  the  important  paved  urban  surfaces.  Most  of 
the  runoff   in  an  urban  area  originates  from  paved  areas.  For  paved 
areas,  most  of  the  runoff   losses  are  associated  with  the  first  few 
millimetres  of  rain.   Infiltration  losses  through  the  pavement  are 
relatively  constant  throughout  the  rain  event.  During  the  washoff 
tests,  the  highest  pavement  runoff  coefficients  observed  were 
approximately  0.9,  restricting  the  probable  errors  associated  with 
extrapolation  to  large  rain  events  to  approximately  ten  percent 
(the  maximum  runoff  coefficient  possible  is  1.0). 

Pervious  area  runoff  coefficients  are  much   less   than  for   impervious 
areas.  f»4aximum  runoff  coefficients  of  only  approximately  0.2  can  be 
expected  from  pervious  areas  for   large,   long  duration  rain 
events. This  value  is  based  based  on  literature  reports  of  urban 
runoff  monitoring.  The  total   runoff  prediction  errors  for  the  large 
extrapolated  rain  events  are  expected  to  be  less  than  25  percent. 
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5.0   IIRRAN  RUNOFF  QUALITY 

5.  1    RASFFLOW  WATER  QUAL  I  TY 

5.1.1  WARM  WEATHER  BASEFLOW  WATER  QUALITY 

Warm  weather  baseflow  was  sampled  in  both  catchments  during  this 
study.  Baseflow  was  sampled  at  approximately  monthly  intervals  fro 
the  outfall  of  the  Thistledown  (residential  /  comme  rcial)  catchment 
and  at  approximately  weekly  intervals  from  the  outfall  of  the  Emery 
(industrial)  catchment.  Time-weighted  baseflow  samples  were 
collected  automatically,  with  subsamples  taken  at   15  minute 
intervals.   In  addition,  several  grab  samples  were  periodically 
collected  at  the  Emery  outfall  because  of  the  frequency  the  dry 
weather  flows  were  highly  coloured. 

Table  5.1  is  a  s  umma  ry  of  warm  weather  baseflow  quality.   It  shows 
the  minimum,  maximum,  and  median  concentrations  of  constituents 
analysed,  along  with  the  number  of  analyses  performed.  The  volume 
and  rate  of  baseflow  are  also  summarised. 

The  observations  given  for  metals  on  this  table  refer  to  "total 
metal"  concentrations   Most  of  the  chromium  and  copper,  and 
approximately  one  third  of  the  aluminum  measured  in  two  samples  of 
warm  weather  baseflow  analysed  from  the  Emery  outfall  was 
dissolved.  The  other  dissolved  metals  analysed  were  close  to  or 
below  the  relevant  detection  limit.  One  Thistledown  warm  weather 
baseflow  sample  was  analysed  for  both  total  and  dissolved  metals. 
It  showed  that  most  of  the  copper  was  dissolved  and  that 
concentrations  of  other  metals  were  mostly  below  the  relevant 
detection  limits. 

Most  of  the  concentrations  of  pesticide  and  PCB  constituents  were 
below  the  detection  limits.  The  values  of  the  median  concentrations 
observed  were  used  to  estimate  warm  weather  baseflow  yields  in 
Section  6.3. 

Tables  El  through  E.4  in  Appendix  E  present  most  of  the  warm 
weather  baseflow  water  quality  observations  obtained.   In  addition. 
Table  E.12  includes  the  data  for  the  major   ion  observations.  Table 
E.14  includes  the  dissolved  metal  observations,  and  Table  E.16 
includes  the  pesticide  and  PCB  observations  for  the  warm  weather 
baseflow  samples  analysed.  No  organic  "priority  pollutant"  analyses 
were  obtained  for  warm  weather  baseflow  samples.  Approximately  four 
to  eight  Thistledown  samples  were  analysed  for  most  of  the  major 
constituents,  while  only  one  Thistledown  baseflow  sample  was 
obtained  for  pesticides  and  PCBs.  Approximately  25  to  30  Emery 
samples  were  analysed  for  most  constituents,  and  nine  were  analysed 
for  pesticides  and  PCBs. 

The  very  uneven  sampling  efforts  makes  baseflow  water  quality 
comparisons  between  the  two  catchments  difficult.  Simple  log-normal 
probability  plots  were  therefore  made  by  log-transforming  the 
observed  data,   ranking  them  by  magnitude  and  plotting  them  on 
probability  paper.   These  plots  do  give  an   indication  of  major 
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differences   in  warm  weather  baseflow  water  quality  between  the  two 
sets  of  observations    It   the  two  probability  lines  are  widely 
separated  throughout   the  range  of  observations,   then  the  two  data 
sets  are  obviously  significantly  different.   If   the  probability  plot 
lines  cross,   then  the  data  is  more  confusing,   indicating  little 
significant  difference. 


Figure  5.1   is 

the  log-normal  probability  plot 

for  the  Thistl edown 

and  Emery  baseflow  total  residue  concentrations,  while  Figures  E.I 

through  E   1  4 

are  probability  plots  for  some  of 

the  other 

const  1  tuents 

monitored.  They  show  that  warm  weather  baseflow  water 

quality  const 

ituent  concentrations  were  probably  significantly 

higher   in  the 

Emery  catchment  than  in  the  This 

tiedown  catchment. 

for  mo  s  t  cons 

tituents.The  exceptions  to  this  r 

esult  we  re  total 

residue,  flit 

rate  residue,  and  fecal  coliform 

bacteria.  Filtrate 

residue  concentrations  from  the  Emery  catchment  were  probably 

signi  f  leant  ly 

lower  than  the  Thistledown  obser 

vations.  The 

relat  lonships 

for   total  residue  and  fecal  coli 

forms  were  confused 

and  indicate 

little  difference.  The  log-normal 

probability  plots 

for  these  two 

constituents  are  quite  linear  be 

tween  approximately 

10  to  90  percent,   indicating  a  reasonable  log- 

normal distribution 

in  their  0  c  c  u 

rrence,  but  are  nonlinear  outside 

this  range. 

Therefore,  si 

mp 1 e  parametric  data  comparison  techniques  (which 

require  no  rma 

My  distributed  data)  should  not 

be  conducted  with 

this  data,  un 

less  it  IS  appropriately  transformed.  Even  if 

t  r  an  5  f  0  rmed , 

or  if  using  non pa r ame t r i c  tests. 

the  few  observations 

obtained  f  r  om 

the  Thistledown  catchment  would 

add  little  to  the 

conclusions  o 

btained  using  the  simple  probabil 

1  t  y  plots. 

The  paired  analysis  technique  was  also  used  to 

characterise  a 

selection  of 

the  water  quality  data,  based  on 

carefully  matched 

runoff  events 

The  water  quality  constituents 

that  were  analysed 

using  log-normal  plots  fell   into  three  general 

groups.  The  first 

group  had  unc 

lear  quality  relationships  between  the  two  catchments. 

with  the  p  r  ob 

ability  line  crossing.  The  consti 

tuents  in  this  group 

Include  total 

residue,  filterable  residue,  tot 

al  Kjeldahl  nitrogen. 

fecal  coliform  bacteria,  oseudomonas  aeruainosa  bacteria,  and  lead. 

In  this  group 

,  the  lowest  constituent  concentr 

ations  were  generally 

observed  in  the  residential  /  commercial  catch 

men  t ,  while  the 

industrial  ca 

tchment  had  the  highest  concentra 

tions.  The  second 

group  of  cons 

tituents  was  the  largest,  with  th 

e  residential  / 

comme  r  c  i  a  1  c  a 

tchment  consistently  having  the  1 

owe  St  constituent 

concentrations  all  of  the  time.  The  constituen 

ts  in  this  group 

include  parti 

culate  residue,   total  phosphorus. 

reactive  phosphates. 

phenolics,  ch 

emical  oxygen  demand,  fecal  strep 

tococcus  bacteria, 

aluminum,  copper,  and  zinc.   In  the  third  group 

of  constituents  the 

1  owe  St  con  ce  n 

trations  were  always  found  at  the 

1  ndus  t  r  i  a  1 

ca  t  c  hme  n  t  .  T  h 

IS  group  contained  only  specific 

conductance  and 

n  i  t  r  a  t  e  s  . 

Table  1.2  compares  the  warm  weather  baseflow  observations  with  the 
Ontario  Provincial  Water  Quality  Objectives.  These  objectives  are 
for  receiving  waters.  They  can  also  be  used  to  identify  discharges 
that  could  potentially  contribute  to  existing  quality  problems  in 
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receiving  waters,  or  to  identify  discharges  that  may  cause 
receiving  water  quality  problems  at  some  time  in  the  future.  This 
table  shows  that  al mos  t  all  of  the  fecal  coliform  bacteria, 
chromium,  copper,  and  zinc  observations  in  warm  weather  basef  low 
from  the  Emery  (industrial)  catchment  exceeded  the  objectives 
Almost  all  of  the  samples  collected  at  the  Thistledown  (residential 
/  CO  mm  ercial)  outfall  exceeded  the  objective  for  fecal  coliform 
bacteria.  Other  potential  problem  pollutants  in  the  baseflow  from 
the  industrial  catchment  include  phenolics,   lead,  and  PCBs. 

Potential  problem  pollutants  in  the  baseflow  from  the  residential  / 
commercial  catchment  include  phenolics,  copper,   lead,  zinc,  and 
Dieldrin.  The  small  number  of  warm  weather  baseflow  samples  from 
both  catchments  that  were  analysed  for  pesticides  and  PCBs  reduce 
the  confidence  of  comparisons  for  these  constituents.  Similarly, 
the  small  number  of  samples  that  were  analysed  for  general  water 
quality  constituents  in  the  residential  /  c  omme  rcial  catchment 
reduce  the  confidence  of  these  comparisons.  However,  they  do 
indicate  the  need  for  additional  analyses,  especially  when  the 
duration  of  warm  weather  baseflows  covers  more  than  70  percent  of 
the  year. 

Not  all  of  these  problem  pollutants  are  expected  to  originate  fr  om 
surface  sources.  Process  wastewaters  discharged  to  the  storm 
drainage  system  in  the  industrial  catchment  may  be  responsible  for 
most  of  the  high  chromium  and  some  of  the  copper   loadings  observed. 
Similarly,  sanitary  sewerage  leakage  may  be  responsible  for  some  of 
the  bacteria  in  discharges  of  warm  weather  baseflow   The  sources  of 
these  pollutants  will  be  discussed  further  in  Section  6. 

5.1.2  COLD  WEATHER  BASEFLOW  WATER  QUALITY 

Cold  weather  baseflow  water  quality  samples  were  obtained  during 
the  special  s  nowme It  sampling  effort  added  to  the  original  Pilot 
Watershed  Project.  These  samples  were  collected  during  January, 
February  and  March,  1984. 

Table  5.2  is  a  summary  of  these  observations  for  both  the 
Thistledown  and  Emery  catchments,  with  the  exception  of  dissolved 
metal  observations  which  appear  on  Table  E.15.  This  table  shows  the 
number  of  samples  analysed  for  each  constituent,  along  with  the 
minimum,  maximum,  and  median  concentrations  of   the  constituents 
analysed.  The  baseflow  rate  and  volume  are  also  summarised  for  each 
catchment.  Approximately  four  Thistledown  and  eight  to  ten  Emery 
samples  were  analysed  for  most  constituents,  with  approximately  one 
half  of  these  sample  numbers  obtained  for  the  major  ion 
constituents.  Only  one  cold  weather  baseflow  sample  (from  Emery) 
was  analysed  for  pesticides  and  PCBs.  Table  E.6  shows  the  cold 
weather  baseflow  observations  obtained  for  all  of  the  samples  for 
the  major  constituents.  Table  E.13  includes  observations  for  major 
ions.  Table  E.15  includes  data  for  dissolved  metals,  and  Table  E.17 
includes  the  results  of  the  pesticide  and  PCS  analysis  conducted 
for  the  one  cold  weather  baseflow  sample  analysed  from  the  Emery 
catchment. 
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Because  of  the  limited  scope  of   the  snowmelt  portion  of   this  study, 
no  statistical  comparisons  of  the  data  from  the  two  catchments 
could  be  made.  The  median  concentrations  were  used  in  estimating 
discharges  of  pollutants  in  cold  weather  baseflow.  These  are 
presented  In  Section  5.3  and  are  s  umma  rised  in  Table  5.2.  These 
data  show  probable  significant  differences  in  concentrations  of 
heavy  metal  (chromium,  copper,  and  zinc)  and  phenolics  between  the 
two  catchments,  with  the  Emery  (industrial)  catchment  having  the 
larger  concentrations  of   these  constituents.  The  Thistledown 
catchment  probably  had  significantly  greater  specific  conductance, 
filtrate  residue,  fecal  coliform  bacteria,  and  chloride 
concentrations  than  Emery.  The  dissolved  metal  observations 
(included  on  Table  E.15)  for  three  samples  analysed  indicate  that 
large  proportions  of  metals  detected  in  water  samples  collected  in 
the  Emery  catchment  were  dissolved.  Similar  samples  collected  in 
the  Thistledown  catchment  showed  mostly  undetected  dissolved  or 
total  metal  concentrations. 

Table  1.2  compares  the  cold  weather  baseflow  water  quality 
observations  with  Ontario  Provincial  Water  Quality  Objectives. 
During  cold  weather  baseflow  conditions,  almost  all  of  the 
phenolics  and  fecal  coliform  bacteria  observed  in  both  catchments 
exceeded  the  relevant  objectives.  Other  pollutants  that  could  cause 
cold  weather  baseflow  water  quality  problems  include  chromium, 
copper,   lead,  and  zinc  in  the  industrial   (Emery)  catchment,  and 
copper,   lead,  and  zinc  in  the  residential  /  co  mm  e  r  c I  a  I 
(Thistledown)  catchment. 

The  limited  number  of  cold  weather  baseflow  samples  analysed  can  be 
used  to  only  grossly  indicate  potential  problem  pollutants. 
Secondly,  not  all  of  these  pollutants  measured  at  the  outfall  are 
expected  to  originate  on  the  land  surface.  Some  are  probably 
associated  with  subsurface  discharges,  e.g.  chromium  and  some  of 
the  copper  is  most  likely  to  originate  from  process  wastewater 
discharges,  and  bacteria  from  sanitary  sewerage  leakage.  These 
sources  will  be  discussed  further   In  Section  6.  This  short  list  of 
potential  cold  weather  baseflow  problem  pollutants  can  be  used  as 
the  basis  for  a  much  more  comprehensive  sampling  effort. 

5.2     STORMWATER  RUNOFF  WATER  QUAI  ITY 

5.2.1  WARfi^  WEATHER  STORMWATER  WATER  QUALITY 

Many  samples  of  stormwater  were  obtained  during  this  phase  of  the 
study.  A  total  of  37  storm  events  were  monitored  at  the  Emery 
catchment  and  21  events  monitored  at  the  Thistledown  catchment. 
These  water  samples  were  analysed  for  a  wide  range  of  water  quality 
constituents.  Tables  E.6  through  E.7  list  the  complete  stormwater 
quality  data,  while  Table  5.3  is  a  summary.  Other  tables  In 
Appendix  E  include  stormwater  runoff  quality  data  as  listed  below: 
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1)  Table  E.10  lists  field  specific  conductance  and  pH  data, 

2)  Table  E.12  includes  major   ion  data, 

3)  Table  E.14  includes  dissolved  metal  data, 

4)  Table  E.16  includes  pesticides  and  PCB  data,  and 

5J  Table  E.18  includes  organic  "priority  pollutant"  data. 

Approximately  ten  to  20  Thistledown  and  approximately  15  to  30 
Emery  warm  weather  stormwater  samples  were  analysed  for  the  major 
constituents.  Approximately  11  to  14  samples  were  analysed  for 
major  ions,  and  seven  to  12  samples  were  analysed  for  pesticides 
and  PCBs.  Only  one  toxic  organic  sample  was  analysed  from  each 
catchment  during  warm  weather  stormwater  runoff  periods 

Limited  statistical  analyses  were  conducted  on  these  data.  Figure 
5.2  IS  a  log-normal  probability  plot  for  total  residue  stormwater 
concentrations.  Figures  E.33  through  E.49  are  probability  plots  for 
the  other  constituents.  Paired  storm  events  are  only  shown  on  these 
plots,  so  differences  in  the  probability  distributions  are  most 
likely  caused  by  land  use  differences  and  not  seasonal  or  rain 
characteristics.  These  plots  also  show  that  the  sto  r mwa  t  e  r 
concentrations  were  log-normally  distributed  over  much  of  their 
observed  ranges. 

Three  sets  of  constituents  were  identified.   In  the  first  and 
largest  set,  the  concentrations  of  constituents  measured  in  the 
residential  /  comme  rcial  catchment  were  significantly  less  than  the 
paired  concentration  measured  in  the  industrial  catchment.  This  set 
of  constituents  includes  particulate  residue,  total  phosphorus, 
reactive  phosphates,  phenolics,  chemical  oxygen  demand,  fecal 
strep,  bacteria,  aluminum,  copper,  and  zinc. 

The  second  and  smallest  set  shows  that  the  constituents  measured  in 
the  residential  /  comme  rcial  catchment  had  significantly  greater 
concentrations  than  those  measured  in  the  industrial  catchment. 
This  set  consists  of  specific  conductance  and  nitrates. 

The  third  set  includes  those  constituents  with  confusing  plots  with 
no  apparent  significant  differences  between  the  two  catchments. 
This  set  consists  of  total  residue,  filtrate  residue,  total 
Kjeldahl  nitrogen,  fecal  coliform  bacteria,  d  s  e  u  domon  a  s  aeruginosa 
bacteria,  and  lead.   In  this  last  set,  the  lowest  concentrations 
were  generally  observed  in  the  residential  /  commercial  catchment, 
white  the  industrial  catchment  had  the  highest  concentrations. 

S  t  o  r mwa  ter  quality  constituent  concentrations  were  also  plotted  as 
a  function  of  rain  (storm)  volume  to  identify  potential 
correlations  of  constituent  concentration  with  the  size  of  the  rain 
event.  Figure  E.15  is  a  plot  of  total  residue  concentration  against 
rain  event  volume  for  Emery  and  Thistledown.  This  Figure  does  not 
indicate  a  significant   trend  for   total   residue.  Figures  E.16 
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through  E.33  are  similar  plots  for  some  of  the  other  constituents 
studied.  The  only  constituent  showing  a  significant  trend  of 
concentration  against  rain  volume  was  filtrate  residue  (Figure 
E.16).  The  filtrate  residue  concentrations  at  the  Thistledown 
outfall  were  approximately  700  mg/L  for  very  small  rains  (2  mm]  , 
and  decreased  to  approximately  200  mg/L  for  larger  (20  mm)  rains. 
The  trend  at  the  Emery  outfall  was  not  as  obvious.  This  trend  for 
filtrate  residue  was  also  especially  evident  during  the  street 
washoff  tests  described  in  Section  6.5.  The  source  area  street 
washoff  test  results  and  the  source  area  observations  show  more 
significant  trends  of  runoff  quality  with  rain  volume  for  a  number 
of  constituents.  This  trend  in  the  sheetflow  results  was  expected 
because  of  the  potentially  confusing  factors,  e.g.  erosion  from 
other  surfaces,  that  would  affect  the  observations  at  the  outfalls 
and  not  the  observations  made  on  isolated  source  areas. 
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Table  1.2  shows  the  number  of  warm  weather  stormwater  samples 
analysed  that  exceed  the  Ontario  Provincial  Water  Quality 
Objectives.  This  comparison  was  used  to  identify  potential  problem 
pollutants  that  may  be  contributing  to  water  quality  problems  in 
receiving  water.  All  of  the  fecal  coliform  and  most  of  the  copper 
and  zinc  observed  in  both  study  areas  exceeded  the  objectives. 
Concentrations  of  phenolics,  chromium,  and  lead  at  the  outfall  of 
the  industrial  catchment  also  exceeded  the  objectives  most  of  the 
time.  PCBs  are  another  potential  problem  pollutant  in  the 
industrial  catchment.  Phenolics,   lead,  Dieldrin,  Endrin,  and 
Heptachlor  periodically  exceeded  the  objective  at  the  outfall  of 
the  residential  /  commercial  catchment. 

5.2.2  COLD  WEATHER  SNOWMELT  WATER  QUALITY 

Cold  weather  s  nowme It  samples  were  collected  at  the  outfalls  during 
the  months  of  January,  February  and  March,  and  analysed  as  part  of 

the  snowmelt  project  extension.  Table  5.4  is  a  summary  of  the 

concentrations  of  water  quality  constituents  measured  in  these 

samples.  Other  tables  in  Appendix  E  list  the  cold  weather  snowmelt 
water  quality  data,  as  listed  below: 
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1)  Tables  E.8  and  E.9  include  all   the  sn  owme It  water  quality 
observations  tor  the  major  constituents, 

2)  Table  E.13  includes  the  major   ion  snowmelt  observations, 

3)  Table  E.15  includes  the  sno wm elt  dissolved  metal 
observations,  and 

4)  Table  E.17  includes  the  pesticides  and  PCB  snowmelt 
observations. 


Approximately  17  s  nowme It  samples  collected  in  the  industrial 
catchment  and  from  12  to  16  s  nowme It  samples  collected  in  the 
residential  /  commercial  catchment  were  analysed  for  major 
constituents.  Seven  or  eight  samples  from  both  catchments  were 
analysed  for  major  ions,  but  only  two  s  nowme It  samples  were 
analysed  for  pesticides  and  PCBs  from  each  of  the  two  catchments 
No  snowmelt  samples  were  analysed  for  organic  "priority 
pollutants".  Eight  snowmelt  samples  were  also  analysed  from  each 
catchment  for  dissolved  metals. 
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Some  differences  in  sno  wm  elt  quality  can  be  estimated  between  the 
two  catchments  without  statistical  testing.  The  data  indicates  that 
significantly  greater  concentrations  of  particulate  residues,  most 
of  the  nutrients,  phenol  ics,  chemical  oxygen  demand,  chromium,  and 
zinc  may  occur  in  snowmelt  water  from  the  industrial  catchment 
compared  to  the  quality  of  the  sn  owme It  from  the  residential  / 
c o mm ercial  catchment.  Fecal  coliform  bacteria  populations  may  be 
significantly  greater  in  sn  owme  It  from  the  outfall  of  the 
residential  /  comme  rcial  catchment  than  from  the  outfall  of  the 
industrial  catchment. 

Most  of  the  chromium  and  much  of  the  copper  and  zinc  were 
"dissolved"  in  the  eight  samples  from  the  industrial  catchment 
analysed  for  both  dissolved  and  total  metals.  Much  of  the  copper 
and  zinc  was  also  "dissolved"  in  eight  similar  samples  from  the 
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residential  /  commercial  catchment.  The  chromium  in  samples 
collected  in  the  residential  /  c  omme  rcial  catchment  was  mostly  in 
particulate  forms.  The  observations  for  lead  from  both  catchments 
were  mixed,  with  some  samples  showing  large  particulate  fractions, 
and  other  samples  showing  large  dissolved  fractions.  The  results  of 
most  of  the  cadmium  and  manganese  analyses  were  below  the  detection 
limits  for  samples  collected  in  both  catchments. 

Table  1.2  can  be  used  to  identify  potential  problem  pollutants, 
indicated  by  concentration  observations  exceeding  the  Ontario 
Provincial  Water  Quality  Objectives.  Almost  all  of  the  s  nowme I  t 
outfall  observations  from  both  catchments  for  fecal  conforms, 
phenol  ics,  copper,   lead,  and  zinc  exceeded  the  objectives.  Chromium 
observed  in  the  industrial  catchment  exceeded  the  objectives  for 
all  observations.  The  relatively  large  number  of  analyses  performed 
for  these  pollutants  (approximately  17  in  the  industrial  catchment 
and  12  to  16  in  the  residential  /  c  omme  rcial  catchment)  allows  a 
greater  amount  of  confidence  to  be  placed  on  this  list  than  was 
possible  for  the  list  of  potential  problem  pollutants  in  cold 
weather  baseflows.  Other  potential  problem  sn owme It  pollutants  may 
include  PCBs  in  the  industrial  catchment  and  Dieldrin  in  the 
residential  /  commercial  catchment.  However,  two  samples  in  each 
catchment  were  analysed  for  organic  pollutants. 

5.3   URBAN  RUNOFF  POLLUTANT  YIELDS 

Annual  baseflow  and  stormwater  yields  for  the  Emery  and  Thistledown 
catchments  were  calculated  using  the  observed  data  and  estimates  of 
the  precipitation  events  that  were  not  monitored.  Differences  in 
urban  runoff  pollutant  yields  may  vary  from  the  period  of  time  of 
study  to  other  periods  of  interest.  The  most  important  factor  is 
the  amount  of  precipitation  that  occurs.  However,  during  dry  years, 
constituent  concentrations  in  runoff  are  usually  greater  than 
during  wet  years,  mitigating  differences  in  the  outfall  yield. 
There  has  been  a  surprising  similarity  in  outfall  yields  for 
comparable  study  areas  in  widely  varying  climatic  regions. 
Appropriate  urban  runoff  models  are  useful  to  evaluate  the  effects 
of  different  study  periods.   In  Section  4.1,  it  was  shown  that  the 
period  of  study  for  this  runoff  project  had  precipitation 
conditions  close  to  the  long  term  average  conditions.  Therefore, 
the  runoff  yields  described  in  this  report  may  be  considered  close 
to  "average".  It  should  be  noted  that  extreme  weather  conditions 
can  be  expected  to  result  in  runoff  yields  quite  different  from 
those  monitored  during  this  study. 

Tables  5.5  through  5.7  show  these  annual  estimated  yields  for  warm 
and  cold  periods.  Tables  E.20  through  E.22  show  the  cold  weather 
baseflow  and  snowmelt  yields  calculated  for  individual  events  and 
for  each  cold  weather  month.  f*^a  s  s  yields  by  month  for  warm  weather 
baseflows  and  stormwaters  were  examined  for  total  residue  and  the 
other  constituents.  In  most  cases,  monthly  pollutant  yields  were 
very  similar  to  each  other.  The  data  also  indicates  that  the  total 
monthly  flow  volumes  were  of  similar  size.  These  similarities 
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Table  5.7   ESTIMATED  WARM  WEATHER  UNIT  AREA  YIELDS  FOR  PCBs.  PESTICIDES. 
PHENOLS.  AND  PRIORITY  ORGANIC  POLLUTANTS  (mg/ha/yr  or  g/ha/yr) 


Thistl 

edown . 

Emery 

(residential) 

( industrial) 

base- 

storm- 

base- 

storm- 

PARAMETER 

units 

flow 

water 

total 

flow 

water 

total 

A-BHC 

mg/ha 

39 

1.2 

40 

§2.7 

6.4 

6.4  to 

9.1 

§4.5 

B-BHC 

mg/ha 

§2.3 

§1.2 

§3.5 

§2.7 

§1.8 

G-BHC 

rag /ha 

11.4 

§1.2 

11.4  to 
12.6 

§2.7 

§1.8 

§4.5 

A-chlordane 

mg/ha 

4.6 

§2.3 

4.6  to 
6.9 

4.6  to 
6.9 
9.1  to 

§5.5 

§3.7 

§9.2 

G-chlordane 

mg/ha 

4.6 

§2.3 

§5.5 

§3.7 

§9.2 

Dieldrin 

mg/ha 

9.1 

§2.3 

§5.5 

§3.7 

§9.2 

11.4 

DMDT  methoxychlor 

mg/ha 

§11 

§5.8 

§17 

§14 

§9.2 

§23 

Endrin 

mg/ha 

§9.1 

§4.6 

§14 

§11 

§7.4 

§18 

Endosulfan  sulfate 

mg/ha 

§9.1 

§4.6 

§14 

§11 

§7.9 

§19 

Heptachlor 

mg/ha 

§2.3 

§1.2 

§3.5 

§2.7 

§1.8 

§4.5 

PCB 

mg/ha 

§46 

§23 

§69 

1730 

61 

1789 

PP-DDD 

mg/ha 

§11 

§5.8 

§17 

§14 

§9.2 

§23 

PP-DDE 

mg/ha 

§11 

§5.8 

§17 

§14 

§9.2 

§23 

PP-DDT 

mg/ha 

§11 

§5.8 

§17 

§14 

§9.2 

§23 

2365  tetrachlorophenol 

mg/ha 

§110 

§58 

§168 

§140 

§92 

§230 

pentachlorophenol 

mg/ha 

640 

81 

721 

1370 

1300 

2670 

Benzene 

g/ha 

NA* 

5.8 

- 

NA 

9.2 

- 

Chloroform 

g/ha 

NA 

§1.2 

- 

NA 

9.2 

- 

Trans-l , 2-Dichloroethene 

g/ha 

NA 

§1.2 

- 

NA 

11 

- 

Methyl  chloride 

g/ha 

NA 

§2.3 

- 

NA 

9.2 

- 

Trichloroethene 

g/ha 

NA 

§1.2 

- 

NA 

3.7 

- 

Toluene 

g/ha 

NA 

§2.3 

- 

NA 

9.2 

- 

Bis-(2-Ethylhexyl) 

Phthalate 

g/ha 

NA 

9.3 

- 

NA 

33 

- 

Butylbenzylphthalate 

g/ha 

NA 

5.8 

- 

NA 

110 

- 

Di-N-Butylphthalate 

g/ha 

NA 

3.5 

- 

NA 

7. A 

- 

Diethylphthalate 

g/ha 

NA 

§2.3 

- 

NA 

37 

- 

Isophorone 

g/ha 

NA 

§1.2 

- 

NA 

3.7 

- 

N-Nitrosodiphenylamine 

g/ha 

NA 

§1.2 

- 

NA 

5.5 

- 

NA:  priority  pollutant  organics  were  not  analysed  in  any  baseflow  samples. 
Note:  §  means  "less  than". 
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X) 
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X) 

(  5c 

! 

X)  , 

indicate  that   there  are  very  few  variations   in  concentrations  of 
constituents  for  the  different  warm  weather  months. 

Table  5.5  also  shows  the  ratios  of  expected  annual  pollutant  yields 
from  the  industrial  catchment  divided  by  the  yields  from  the 
residential  /  comme  rcial  catchment.  Many  unit  area  annual  yields 
from  the  industrial  catchment  exceeded  the  unit  area  annual  yields 
from  the  residential  /  c  omme  rcial  catchment  by  significant  factors, 
some  as  high  as  50X,  as  listed  below: 

particulate  residue 

phosphorus 

phosphates 

chemical  oxygen  demand 

fecal  strep,  bacteria 

chromium  (53  X),  and 

zinc  (2 . 5  X)  . 

The  only  constituents  with  an  annual  unit  area  yield  that  was  lower 
in  the  industrial  catchment  than  in  the  residential  /  co  mm  e  r  c i a  I 
catchment  were  chloride  and  filtrate  residue.  The  annual  unit  area 
yields  from  the  Thistledown  catchment  were  approximately  twice  the 
annual  unit  area  yields  from  the  Emery  catchment  for  these 
const  I  tuents. 

The  Emery  Cindustrial)  catchment  is  similar  to  approximately  25 
percent  of  the  urban  Number  River  study  area,  while  the  Thistledown 
(residential  /  comme  rcial)   catchment   is  similar  to  approximately 
75  percent  of  the  urban  Humber  River  study  area.   If  the  industrial 
to  residential  /  c  omme  rcial  yield  ratio  was  three  for  a  selected 
constituent,   then  the  industrial  catchment  yield  would  equal 
residential  /  commercial  catchment  yield  throughout  the  whole  study 
area.  The  results  of  this  study  indicate  that  particulate  residues, 
phosphates,  and  especially  chromium  were  mostly  discharged  from 
industrial  catchments  in  the  Humber  River  study  area.  Table  1.4 
showed  the  weighted  yield  ratios  for  other  co  mm  on  constituents. 

If  only  warm  weather  stormwater  runoff  is  considered  (and  not 
baseflows  and  sn  owme Its)  then  significant  yield  and  control  measure 
selection  errors  are  probable.  As  an  example,  Table  5.5  shows 
residential  /  comme  rcial  unit  area  yields  for  total  residue  for 
stormwater  alone  to  be  approximately  240  kg/ha  compared  with 
approximately  670  kg/ha  for  the  industrial  catchment.  These  yields 
are  similar  to  yields  reported  elsewhere  for  total  annual   total 
residue  unit  area  yields.  However,  these  warm  weather  stormwater 
runoff  yields  contributed  only  approximately  five  to  20  percent  of 
the  total  annual   total  residue  yields  for  these  study  catchments. 

The  summary  shown  on  Table  5.6  shows  the  percentage  contributions 
of  each  constituent  by  cold  and  warm  weather  baseflow  and  either 
stormwater  runoff  or  snowmelt  water.  This  table  shows  that  annual 
yields  of  several  constituents  were  dominated  by  cold  weather 
processes  irrespective  of  the  land  use  monitored.  These 
constituents  include  total  residue,   filtrate  residue,  chlorides. 
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ammon la  nitrogen,  and  phenol  ics.  The  only  constituents  for  which 
the  annual  yields  were  dominated  by  warm  weather  processes, 
irrespective  of   land  use  were  bacteria  (fecal  coliforms,  fecal 
strep.,  and  d  s  eudomonas  aerug  I  nosa)  and  chromium.  Lead  and  zinc 
were  both  dominated  by  either  stormwater  or  snowmelt  runoff,  with 
lower  yields  of  these  heavy  metals  originating  from  baseflows. 

Warm  weather  stormwater  runoff,  alone,  was  the  most  significant 
contributor  to  the  annual  yields  for  a  number  of  constituents  from 
the  industrial  catchment.  These  constituents  include  particulate 
residue,  phosphorus,  phosphates,   the  three  bacteria  types,  copper, 
lead  and  zinc.   In  the  residential  /  co  mm  ercial  catchment,  only 
fecal  streptococcus  bacteria  and  chromium  were  contributed  by  warm 
weather  stormwater  runoff  more  than  by  the  other  three  sources  of 
water  shown.  Either  warm  or  cold  weather  baseflows  were  most 
responsible  for  the  yields  of  many  constituents  from  the  industrial 
catchment.  These  constituents  include  runoff  volume,  phosphorus, 
total  Kjeldahl  nitrogen,  chemical  oxygen  demand,  and  chromium. 
Important  constituents  that  have  high  yields  in  the  baseflow  from 
the  residential  /  commercial  catchment  include  total   residue, 
filtrate  residue,  chlorides,  and  fecal  coliform  and  o  s  e  u  domona  s 
aerug  i  nosa  bacteria.  Therefore,  when  considering  a  control  program, 
the  major  contributing  source  of  each  pollutant  must  be  considered, 
as  discussed  in  Section  7. 

Table  5.7  is  a  summary  of  annual  yields  of  pesticides,  PCBs,  and 
organic  "priority"  pollutants.  Because  of  the  limited  number  of 
samples  analysed  for  the  organic  priority  pollutants  this  table 
should  only  be  used  for  preliminary  guidance.  More  importance 
should  be  placed  on  those  constituents  frequently  measured  above 
the  detection  limits,  e.g.  PCBs  from  the  industrial  catchment  and 
pe n t a c h I o r op  he  no  I s  from  both  catchments. 
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6 . 0  POLLUTANT  SOURCES 

6 . 1  IMPORTANCE  OF  URBAN  RUNOFF  POLLUTANT  SOURCES 

Urban  runoff   is  comprised  of  many  separate  components  that  are 
combined  at  the  outfall  before  entering  the  receiving  water.   It  may 
be  adequate  to  consider   the  combined  outfall   conditions  alone  when 
evaluating  the  long  term,  area  wide  effects  of  many  separate 
outfall  discharges  to  a  receiving  water.  However,   if  better 
predictions  of  outfall  characteristics  or  source  area  controls  are 
needed,  then  the  separate  components  must  be  recognized. 
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veral   types  of 


1)  paved  or  concrete  gutters  (e), 

2)  sealed  (paved)  ditches  (c),  and 

3D    grass  swale  ditches  (d). 

Overland  flow  and  street  runoff  enter  these  roadside  drainages 
which  direct  the  runoff  to  drainage  inlets.  Some  inlets  may  be  over 
catchbasins  (g1)  that  have  more  sediment  accumulation  potential 
than  other  more  simple  inlets.  Catchbasins  or   inlets  are  also 
typically  located  in  large  paved  areas  (g2).  f^^anholes  (h)  are 
usually  located  in  intersections  where  several  connectors  from 
nearby  inlets  are  collected,  and  the  runoff  drops  to  the  storm 
sewerage  (i).  The  storm  sewerage  then  discharges  through  an  outfall 
(j)  to  the  receiving  water  (kD.  The  outfall  may  be  elevated  above 
the  receiving  water,  with  or  without  bars  to  restrict  unauthorized 
entry,  or   if  may  be  submerged,  with  backwater  effects  possibly 
extending  great  distances  up  the  sewerage. 

The  various  source  areas  all  contribute  different  quantities  of 
runoff  and  pollutants,  depending  on  their  specific  characteristics. 
Impervious  source  areas  may  contribute  most  of   the  runoff  during 
small  rain  events.  Examples  of  these  source  area  include  paved 
parking  lots,  streets,  driveways,   roofs,  and  sidewalks.  These  are 
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FIGURE  6.1:   URBAN  HYDROLOGY  SOURCE  AREAS  AND  DRAINAGE  SYSTEMS  (CONT'D) 


Impervious  Areas 

A)  Paved  parking  lot 

B)  Footpath 

C)  Road 

E)  Driveway  • 

G)  Sidewalk 

H)  Rooftop 

HI)  Residential  composition  shingle 
H2)  Industrial  tar  and  gravel 
H3)  Residential  tar  and  gravel 


Pervious  Areas 

1)  Unpaved  parking  and  storage  areas 

2)  Bare  ground 

3)  Grass 

4)  Gardens 

5)  Driveways 

7)  Road  shoulders 

8)  Park  dirt  foot  path 

9)  Railroad  right-of-way 

10)  Soil  near,  treated  wood 


Drainage  System 

a)  Connected  roof  drain 

b)  Disconnected  roof  drain 

c)  Seaded  drainage  ditch 

d)  Grass  swale  drainage  ditch 

e)  Road  gutter 

f)  Roof  trough 

g)  Catchbasin 
h)  Man-hole 
i)  Sewerage 
j)  Outfall 

k)  Receiving  water 
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shown  as  uppercase  letters  on  Figure  6.1.  Pervious  source  areas 
become  important  contributors  for  larger  rain  events.  These 
pervious  source  areas  include  gardens,   lawns,  bare  ground,  unpaved 
parking  areas  and  driveways,  and  undeveloped  areas.  They  are 


Identified  with  numbers  on  Figure  6.1  The 

the  sources  is  a  function  of  their  areas, 

potentials,  and  the  rain  characteristics. 

outfall  IS  therefore  made  up  of  a  mixture 

different  source  areas.  The  "mix"  depends 

the  drainage  area  and  the  specific  rain  event.  The  effectiveness 

source  area  controls  is  therefore  highly  site  and  storm  specific 


relative  importance  of 
their  pollutant  washoff 
The  discharge  at  the 
of  contributions  from 
on  the  characteristics 


of 
of 


The  deposition  and  removal  of  pollutants  from  the  different  source 
areas  are  shown  on  Figure  6.2.  Unconnected  ("upland")  sources  are 
affected  by  atmospheric  deposition  sources,  and  specific  activities 
carried  out  in  those  areas.  Examples  of  unconnected  source  areas 
are  listed  bel ow : 


1  ) 


rooftops  and  paved  areas  draining  to  pervious  areas 


2) 


unpaved  parking  areas,  driveways  or  streets. 


3) 


undeveloped  land. 


4) 


landscaped  ground,  and 


5) 


bare  ground 


If  unpaved  lots  are  used  for  equipment  or  material  storage,  the 
soil  can  become  contaminated  by  spills  and  debris   Undeveloped  land 
remaining  relatively  unspoiled  can  also  contribute  residue, 
organics,  and  nutrients  if  eroded.  Runoff  originates  from  pervious 
areas  only  during  relatively  large  rain  events  and  only  after  soil 
infiltration  and  surface  storage  (ponding)  capacities  are  exceeded. 

The  washoff  of  debris  and  soil   is  dependent  on  the  energy  of  the 
rain  and  the  properties  of  the  material.  Pollutants  are  also 
removed  from  these  source  areas  by  winds,  litter  pickup,  or  other 
cleanup  activities.  The  runoff  and  pollutants  from  these  pervious 
source  areas  are  likely  to  directly  enter  the  drainage  system,  or, 
more  likely,  will  flow  onto  impervious  areas  that  are  directly 
connected  to  the  drainage  system. 

Sources  of  pollutants  on  paved  areas  include  on-site  particulate 
storage  that  cannot  be  removed  by  usual  processes  e.g.,  rain, 
winds,  or  street  cleaning,  etc.  Atmospheric  deposition,  deposition 
from  activities  on  these  paved  surfaces  (auto  traffic,  material 
storage,  etc.)  and  the  erosion  of  material  from  the  upland 
unconnected  areas  are  the  major  sources  of  pollutants  to  the 
directly  connected  impervious  areas.  The  runoff  from  these 
connected  areas  enters  the  storm  drainage  system,  where 
sedimentation,  or  sewerage  cleaning  may  affect  the  ultimate 
discharges  to  the  outfall.   In-stream  physical,  biological,  and 


107 


c 
o 

n 
•o 

ki 
•o 


c 
o 


<a 


o 

> 


c 

0 

CT> 

-rH 

C    w 

4-1 

•M      kl 

«1 

>      O 

*J 

-w    -u 

c 

01   <a 

01 

u  S 

E 

Q) 

•H 

a 

-o 

01 

w 

M 

J< 

01 

01 

u 

u 

vi 

W 

U) 

o; 

u 

u 

-n 

01 

<U 

a; 

> 

> 

41 

•H 

•  H 

U-l 

U 

U 

C 

rH 

<V 

w 

w 

c 

10 

iH 

CP 

T) 

01 

(0 

n 

«S 

Ul 

C 

J^ 

01 

3 
• 

e 

• 

<0 

.— 1 

• 

• 

(0 

• 

0 

• 

10 
10 
0* 


u 

u 

o 


10 

10 

■H 
10 

> 

o 

g 
w 

IK 

•o 

c 

10 
10 

c 
o 


0) 

o 


c 

10 

3 


o 


Id 


c 

C    C 

10   10 

01 
C   .-I 

■•^  o 
w 
(0   01 


X) 

x: 
u 

10 

u 


c 


•o 

c 

c    o> 

o 

10  o^  e 

•r^ 

10     0) 

JJ 

U      U     J-> 

<0 

0)    a>   ui 

4-) 

*J    5    >> 

c 

4J      0)     10 

a> 

3    M 

E 

O 

-^ 

•D 

0) 

W 

01 


10 

c 

-<-l 

M 

•n 

<0 

01 

XI 

t~i 

in 

j= 

10 

o> 

u 

01 

j: 

4J 

U) 

o 

10 

4J 

tj 

in 

u 

-H 

01 

4) 

(0 

n 

TJ 

^ 

.-1 

CP 

krf 

in 

o 

(0 

0> 

-n 

0) 

jj 

sz 

kj 

MJ 

0) 

i-H 

01 

1 

01 

iJ 

> 

10 

-H 

c 

s 

3 
m 

10 

3 

C 

<0 

E 

in 

C    (U  >->  •-< 


m  j:  r-i 


10 

> 

o 
e   o) 

0;    w 


4J 

^  o 
o 

4J     c 
<u     <0 


10 

> 
o 

E 
01 


•   • 


10 

> 
o 

B 
01 
l-l 

XJ 

OJ 


4-1 

c 
o 
u 


C 

0 

•^ 

4J 

(/) 

1-1 

s. 

(0 

0) 

IM 

> 

-u 

U-( 

n 

0 

F 

.c 

01 

U) 

Wl 

w  / 

in 

0) 

10 

en 

0) 

<o 

>1 

u 

i-i 

i-H 

< 

o 

4J    "O 

4J 

U    0) 

U) 

V) 

0)    JJ 

3 

u    u 

0 

01 

-H       0) 

--t 

*J 

Q    C 

> 

-^ 

c 

u 

in 

0 

0) 

1 

U 

a 

c 

E 

o 

IH 

a» 

c 

•H 

c 

•»-4 

10 

in 

u 

>, 

-n 

<o 

? 

in 

U) 

M 

0) 

>. 

-JC 

cu 

> 

n 

l-t 

w 

o 

•H 

3 

10 

Jj 

4J 

Wl 

01 

3 

0) 

U-l 

"O 

> 

0) 

01 

9 

•H 

-n 

u 

6 

0 

u 

-iH 

4-1 

u  4J  •o   <n    in 


_i  • 


•    •    • 


in 
Q4 
O 


in 

m 

in 

•H 

-} 

<o 

3 

U 

0 

o> 

0 

•0 

•«H 

u 

•«-< 

> 

<o 

> 

•0 

1-1 

u 

01 

0) 

•n 

OJ 

> 

a 

01 

u. 

10 

> 

u. 

0 

10 

0 

c 

4-1 

u. 

4J 

3 

in 

10 

01 

«  .H  u 

in  <o 

4->    "O   TJ 
O    01    c   -D 

r-(      Ql    3      4) 

O  O  Ou 
C7t  (-H  1-1  (O 
C     0)    CT>    U 

-rt    >  in 

J£      01     01    T} 
u    T}    >-•     C 

(0    c   <o    <o 

O.    3   i3    •-« 

•     •     • 


108 


chemical  processes  affect  the  pollutants  after  they  are  discharged 
to  the  ultimate  receiver. 

It  is  important  to  know  when  the  different  source  areas  become 
"active".   If  pervious  source  areas  are  not  contributing  runoff  or 
pollutants,  then  the  prediction  of  urban  runoff  quality  is  much 
simplified.  The  mechanisms  of  washoff,  and  delivery  yields  of 
runoff  and  pollutants  from  paved  areas  is  much  better  known  than 
from  pervious  urban  areas.   In  many  cases,  pervious  areas  are  not 
active  except  during  rain  events  greater  than  approximately  five  or 
ten  mm.  For  small  rain  events,  almost  all  runoff  and  pollutants 
originate  from  impervious  surfaces. 

In  Ontario,  most  rain  events  are  less  than  ten  mm  in  depth.  These 
small  events  generate  only  approximately  20  percent  of  the  total 
annual  runoff  volume.   If  the  number  of  events  exceeding  a  water 
quality  objective  are  important,  e.g.  for  bacteria  objectives,  then 
the  small  rain  events  are  of  most  concern.  This  is  because  of  the 
large  number  of  runoff  events  are  associated  with  small   rain 
events.   If  annual  discharges  are  more  important,  e.g.  for   longterm 
effects,  then  the  larger  rain  events  are  more  important.  These 
large  rain  events  produce  most  of  the  annual   runoff  volume.  The 
specific  source  areas  that  are  important  for  these  different 
conditions  varies  widely.  Modeling  procedures  that  are  sensitive  to 
source  contributions  as  a  function  of  rain  characteristics  are 
needed  . 

Source  area  contributions  can  be  modeled  by  assuming  the  mass 
balance  relationship: 

for  I   to  n  total  source  areas 

where  L    is  the  total  yield  of  a  specific  pollutant  at  the 
ou  t  f  a  I  I  , 

A     is  the  area  of  the  source  in  the  drainage  basin, 

0     is  the  total  quantity  of  particulates  in  a  source  area 
where  the  supply  of  particulates  is  limited, 

P     is  the  pollutant  strength  of  the  source  area 
particulates, 

W    is  the  washoff  fraction  of  the  source  area  particulates, 
and 

D     is  the  delivery  yield  of  the  washed  off  source  area 
particulates  to  the  outfall. 

The  0  parameter  is  applicable  to  source  areas  where  the  source  of 
particulates  is  limited.  The  washoff  of  particulates  from 
impervious  areas  is  usually  limited  at  source  by  armouring  and  the 
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lack  of  particulates  that  can  be  removed  (eroded)  by  rains.  For 
pervious  areas,  the  Q  factor  is  not  used  oecause  the  sources  of 
particulates  is  usually  not  limited.  These  calculations  must  be 
separately  made  for  each  pollutant  and  rain  event. 

6.2   SHFETFLOW  QUAL I TY 

6.2.1  WARM  WEATHER  OBSERVATIONS 

A  major  element  of  this  Pilot  Watershed  Study  was  to  determine  the 
sources  of  sto  rmwa  ter  runoff  pollutants   Approximately  65  sheetflow 
samples  were  obtained  from  a  variety  of   land  covers  during  several 
rain  events  in  both  test  catchments.  Table  F.I  presents  this  data 
for  the  major  water  quality  constituents.  No  major  ions,  dissolved 
metals,  or  organic  "priority"  pollutants  were  analysed  for  warm 
weather  sheetflow  samples.  Table  E.16  contains  the  results  of 
pesticides  and  PCB  analyses  on  five  source  area  samples  collected 
in  the  industrial  (Emery)  catchment.  Table  6.1  su  mm  arizes  the  data 
by  showing  the  ranges  and  medians  of  the  observed  concentrations, 
separated  by  source  area  type  and  land  use.  The  overall  range  of 
concentrations  observed  for  each  constituent   is  also  shown.  The 
major  source  categories  used  are  listed  below: 


1)    bare  ground  (unlandscaped  areas 
foot  paths). 


grass  fields,  and  dirt 


2)  unpaved  driveways  and  storage  areas, 

3)  roof  runoff, 
4)sidewalks, 

5)  paved  p a r k i n g / s t o r a g e  areas  and  driveways,  and 

6)  paved  roads. 

Several  drainage  system  samples  were  also  obtained  from  source 
areas  listed  below: 

1)  grass  swales, 

2)  sealed  roadside  ditches, 

3)  roadside  gutters, 

4)  catchbasins,  and 

5)  the  separately  drained  Northern  Telecom  area  in  the  Emery 
c  a  t  c  hme  n  t  . 

The  warm  weather  sheetflow  water  quality  data  were  plotted  against 
"the  rain  volume  that  had  occurred  before  the  samples  were 
collected"  to  identify  any  possible  trend  of  concentration  with 
rain  volume.  The  street  runoff  data  obtained  during  the  special 
washoff  tests  was  combined  with  street  sheetflow  data  obtained 
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during  actual  rain  events  to  prepare  these  plots.  Figure  6.3  plots 
total  residue  versus  elapsed  rain  and  shows  some  definite  trends, 
especially  for  the  street  runoff  data.  Figures  F.I  through  F.6  show 
the  plots  for  the  source  area  groups  separately.  These  trends  were 
used  with  the  runoff  source  information  presented  earlier  to 
estimate  the  total  residue  yield  from  sources  for  a  variety  of 
events.  Figure  6.3  shows  that  sheetflows  from  all  pervious  areas 
combined  had  the  highest  total  residue  concentrations  from  any 
source  category,  for  all  rain  events.  The  street  surface  runoff 
data  were  considered  separately  from  other  paved  areas.  Other  paved 
areas  had  total  residue  concentrations  similar  to  runoff  from 
smooth  industrial  streets.  The  concentrations  of  total  residue  in 
roof  runoff  were  almost  constant  for  all  rain  events.  They  were 
relatively  low  for  small  rain  events  and  relatively  high  for  large 
rain  events. 

Table  1.5  compared  selected  warm  weather  source  area  median 
sheetflow  concentrations  for  the  different  source  categories  and 
also  showed  the  median  stormwater  outfall  concentrations  for  the 
events  when  the  sheetflow  samples  were  obtained.  No  clear  trends 
were  evident  for  all   the  constituents.  Lead  and  zinc  concentrations 
were  highest  in  sheetflows  from  paved  parking  areas  and  streets, 
with  some  high  zinc  concentrations  also  found  in  roof  drainage 
samples.  High  bacteria  populations  were  found  in  sidewalk,  road, 
and  some  bare  ground  sheetflow  samples.  These  are  places  where  dogs 
would  most  likely  be  "walked". 

Table  E.16  showed  that  p e n t a c h  I  o r op  he  no  I  was  detected  (400  to  500 
ng/L  concentrations)  in  four  of  the  five  industrial  source  area 
samples  analysed.  These  samples  were  collected  from  the  Northern 
Telecom  drain  and  from  a  paved  storage  yard.  Two  of  the  five 
industrial  source  area  sheetflow  samples  analysed  also  had 
detectable  PCBs  (80  and  190  ng/L),  A-BHC  (8  and  10  ng/L),  and  G-BHC 
(2  and  10  ng/L)  concentrations. 

Some  of  the  sheetflow  contributions  are  not  sufficient  to  explain 
the  concentrations  of  some  constituents  observed  in  runoff  at  the 
outfall.  The  low  chromium  sheetflow  contributions  from  the 
industrial  area  indicate  the  high  potential  of  subsurface 
contributions  of  the  metal   to  the  stormwater  drainage  system. 
Chromium  was  rarely  detected  in  any  sheetflow  samples,  but  was 
found  in  potentially  problem  concentrations  at  the  Industrial 
outfall.  Similarly,  most  of  the  fecal  coliform  populations  observed 
in  sheetflow  were  significantly  lower  than  those  observed  at  the 
outfall.  This  was  especially  so  for  the  residential  /  comme  r  c i a  I 
catchment,   indicating  potential  sanitary  sewerage  leakage. 

6.2.2  SNOWMELT  SHEETFLOW  OBSERVATIONS 

Cold  weather  snowmelt  sheetflow  samples  were  also  obtained  during 
the  snowmelt  extension  to  this  project.  Approximately  95  samples 
were  obtained  from  the  same  locations  that  were  sampled  for  warm 
weather  sheetflow  samples.  Two  periods  of  snowmelt  were  monitored. 
S n o wm elt  sheetflow  samples  were  collected  on  15  and  16  February, 
1984,   in  both  catchments,  on  16  March,   1984.   in  the  Emery  catchment 
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and  on  21  March,   1984,   in  the  Thistledown  catchment.  No  roof 
s  n  owme It  runoff  samples  were  obtained.   Tables  F.2  through  F.5 
present  these  data  for  the  major  constituents,  major   ions, 
dissolved  metals,  and  pesticides  and  phenol  ics.  Table  6.2 
s  umma  rizes  these  observations,  by  source  area  group.  Most  of  the 
source  area  categories  had  from  five  to  ten  analyses  each.  The 
Improved  distribution  of  analyses  during  the  sn  owme  It  sheetflow 
sampling  program  was  due  to  the  longer  runoff  events  than  were 
sampled  during  the  warm  weather  sheetflow  program.  Snowmelts  are 
also  much  more  predictable  than  rain  storms.  Because  of  the  limited 
scope  of  the  s  nowme It  effort,  detailed  statistical  comparisons  of 
these  data  was  not  attempted,  beyond  the  preparation  of  data 
s  umma  r  i e  s . 

As  with  the  warm  weather  sheetflow  samples,  the  highest 
concentrations  of   lead  and  zinc  were  found  in  samples  collected 
from  paved  parking  areas  and  roads   However,   in  contrast  to  the 
warm  weather  samples,   the  pervious  areas  had  the  lowest  residue 
concentrations.  This  was  probably  because  of  the  influence  of  road 
salting  on  filterable  residue  concentrations  near  roads.  Only  a  few 
roads  were  salted  in  the  two  test  areas  during  the  period  of  study, 
so  the  decreased  delivery  of  particulates  from  the  more  distant 
pervious  areas  to  the  drainage  system  during  snowmelts  must  also  be 
considered. 

The  major   ion  observations  from  Table  F.3  show  that  the  snowmelt 
sheetflows  from  paved  areas  had  sodium  and  chloride  as  the  major 
ions.  For  some  unpaved  storage  yards  and  open  space  areas,  the 
sheetflow  water   type  varied  from  sodium  chloride  to  potassium  or 
calcium  chloride.  This  change  in  ionic  balance  indicates  a  smaller 
influence  of  road  salting  as  the  distance  from  the  roads  or  parking 
areas  to  the  sampling  location  increases,  or  the  use  of  alternative 
de-icing  compounds  on  these  paved  surfaces. 
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on  the  size  of   the  particles.  Rain  events  have  much  more  energy 
available  to  dislodge  and  transport  particulates.  Channelised  flow, 
either  from  sn  o wme Its  or   rain,  can  be  effective   in  moving 
particulates.   The  poor  delivery  of  particulate  pollutants  during 
s  n  o  wm  elts  is  also  indicated  on  Table  6.2   This  table  indicates  that 
cold  weather  sheetflow  concentrations  of   lead  and  zinc  in  the 
industrial  catchment  were  much  greater  than  the  concentrations 
observed  at  the  outfall  during  the  same  s  no wme Its.  This  table  also 
indicates  significant  subsurface  pollutant   inputs  to  the  storm 
drain  system.  Fecal  coliform  populations  at  the  outfall  were  much 
greater  than  any  of  the  bacteria  populations  observed  in  sno  wm  e I  t 
sheetflow.  This  indicates  the  possibility  of  sanitary  sewerage 
leakage.  The  only  fecal  coliforms  observed  during  the  cold  weather 
sheetflow  analyses  were  on  sidewalks,  and  on  and  near  roads  in  the 
residential  catchment.  Again,   these  are  the  areas  where  dogs  would 
be  "walked".  No  fecal  coliforms  were  found  in  snowmelt  samples 
collected  from  open  spaces   in  either  study  area,   decreasing  the 
probability  of  significant  wildlife  bacteria  sources. 

High  concentrations  of  chloride  measured  at  the  outfall  were 
puzzling.  Relatively  high  concentrations  of  chloride  were  observed 
in  the  source  areas  along  with  high  concentrations  of  chloride  in 
the  snowpack  near  roads,  but  these  were  generally  not  high  enough 
to  account  for  the  high  outfall  chloride  observations  (several 
hundred  mg/L)  during  these  periods  of  sampling.  Very  high  chloride 
concentrations  (several   thousand  mg / L 3  were  found  in  the  snowpack 
very  close  to  the  roads.  During  early  portions  of  sn  owme Its,   these 
very  high  chloride  concentrations  would  affect   the  sn  owme It   long 
before  the  more  distant  very  low  chloride  concentrations  further 
from  the  road.  Therefore,  sample  timing  could  have  affected  these 
chloride  observations.  Concentrations  of  chloride  in  the  shallow 
ground  water  are  expected  to  be  elevated  (but  not  extremely  high) 
during  s  n  owme It  periods.  Therefore  the  potential   leakage  of  ground 
water  into  the  storm  drainage  system  should  not  have  significant 
effects  on  the  concentration  of  chloride  at  the  outfall. 

Table  F.5  shows  the  pesticide  and  PCB  concentrations  analysed  in 
the  nine  cold  weather  sheetflow  samples.  Three  of  the  nine  samples 
had  no  detectable  pesticides  or  PCBs,   two  samples  had  one 
constituent  observed  in  each,  and  two  samples  had  two  constituents 
observed.  One  sample  from  an  unpaved  storage  area  at  a  waste 
storage  area  had  nine  constituents  above  the  detection  limit.  A-BHC 
was  the  most  co  mm  only  detected  pesticide  and  was  found  in  six 
samples  in  concentrations  ranging  from  three  to  seven  ng/L.  The 
detection  limit  for  A-BHC  was  one  ng/L.  G-BHC  was  found  in  four 
samples  and  ranged  in  concentration  from  one  to  16  ng/L. The 
detection  limit  for  G-BHC  was  also  one  ng/L.  All   the  other 
pesticides  and  PCBs  observed  were  found  in  only  one  sample  each. 
The  high  concentrations  of  PCB  (3750  ng/L)  and  pp,DDT  (15  ng/L)  are 
disturbing.  Both  were  observed  at  the  same  unpaved  waste  storage 
area.  The  PCB  was  identified  by  the  laboratory  as  resembling 
Aroclor  1260.  Besides  the  PCB  and  pp. DDT  concentrations  noted 
above,  most  of  the  pesticides  observed  in  samples  from  the  waste 


1  18 


storage  site  were  from  four 
limits. 


to  16  times  the  relevant  detection 


6.2.3  SNOW  TRANSECT  OBSERVATIONS 

Another  task  of  the  special  sn  owme It  addition  to  the  project 
involved  examining  snowpack  water  quality  in  both  catchments.  One 
monitoring  site  was  located  on  Calstock  Blvd  in  the  Thistledown 
(residential  /  comme  rcial)  catchment.  One  side  of  the  street  had  a 
school  and  the  area  had  low  traffic  densities.  The  other  monitoring 
site  was  located  on  Signet  Road  in  the  Emery  (industrial) 
catchment.  This  site  had  high  traffic  densities. 

At  both  sites,   trenches  were  dug  from  the  edge  of  the  snow  closest 
to  the  road  to  a  point  25  metres  from  the  road,  in  a  perpendicular 
direction.  Samples  representing  the  complete  vertical  snow  profile 
were  collected  at  various  distances  from  the  road.  The  samples  were 
closely  spaced  near  the  road  and  increasingly  widely  spaced  as  the 
distance  from  the  road  increased.  The  snow  samples  were  slowly 
melted  to  an  ice  /  water  mixture  in  an  unhealed  warehouse  prior  to 
submission  to  the  laboratory.  The  results  are  therefore  expressed 
in  terms  of  concentrations  in  the  meltwater  per   litre  of  meltwater. 

Tables  F.6  through  F.11  present  the  data  obtained.  Table  6.3  is  a 
s  umma  ry  showing  selected  s  nowme It  quality  conditions  at  several 
locations  along  the  transects.  Seventeen  samples  from  each  site 
were  analysed  for  a  broad  list  of  constituents.  Tables  F.6  and  F.7 
also  show  the  snowpack  depth  at  each  sampling  location.  The  snow 
depth  at  Calstock  Blvd  varied  from  a  low  of  approximately  60  mm 
near  the  road  edge  to  a  high  of  850  mm  in  the  roadside  windrow.  The 
snowpack  depth  25  m  from  Calstock  Blvd  was  approximately  200  mm. 
Snowpack  depths  were  much  lower  at  the  Signet  Road  site,  ranging 
from  a  thin  ice  sheet  near  the  road  edge  to  a  windrow  height  of 
approximately  460  mm.  The  snow  depth  25  m  from  the  Signet  Road  was 
only  approximately  50  to  100  mm . 
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Table  6.3   AVERAGED  SNOWPACK  TRANSECT  QUALITY  (mg/L^  ') 


Distance  from  Roads   (total  averaged) 

1  m      5  m     10  ra    25  m 


(2) 


Total  residue 

Emery  (Signet) 

530 

210 

120 

110 

Thistledown   (Calstock) 

87 

60 

35 

lA 

Particulate  residue 

Emery 

220 

95 

5A 

20 

Thistledown 

11 

11 

8 

3 

Total  phosphorus 
Emery 
Thistledown 


Lead 


Emery 
Thistledown 


Zinc 


Emery 
Thistledown 


0.012 
0.022 


0.02A 
0.016 


0.010 
0.025 


0.005 
0.015 


0.032 
0.007 


0.06 
O.OIA 


0.003 
0.010 


0.031 
O.OOA 


O.OA 
0.008 


0.001 
O.OOA 


0.011 
0.003 


0.01 
0.007 


(1)  as  melted  snow 

(2)  averaged  for  equal  distance  increments  from  road  edge  to 
distance  indicated. 


120 


first 
F  .  9  . 


five  meters  of  the  transect.  This  data  is  listed  in  Table 


Table  F.10  shows  the  dissolved  metal  data  for  the  two  Signet 
samples  analysed  for  these  constituents.  Most  of  the  observations 
Indicated  that  most  of  the  metals  were  in  particulate  forms.  The 
exceptions  to  this  generalisation  are  from  one  observation  each  of 
zinc  and  cadmium  that  indicated  large  amounts  of  these  metals  in 
dissolved  forms  at  the  sampling  location  closest  to  the  road.  Some 
of  the  copper  was  also  in  dissolved  forms.  These  dissolved  metals 
could  be  associated  with  common  heavy  metal  contamination  of  the 
de-icing  compound. 

Two  of  the  Signet  Road  samples  were  also  analysed  for  pesticides 
and  PCBs.  the  results  of  these  tests  are  shown  on  Table  F.11.  The 
SIX  compounds  detected  were  all  at  concentrations  quite  close  to 
the  detection  limits  and  were  also  generally  found  in  the  sn  owme I  t 
s  h  e  e  t  f  I ow  s  amp  I e  s . 

Figures  F.7  through  F.16  are  plots  of  contaminant   loadings  for 
different  distances  from  the  edge  of  the  snowpack.  The  units  are 
expressed  as  grams  per  square  metre  of  snow  surface.  These  plots 
show  dramatic  decreases  in  snowpack  quality  as  the  distance  from 
the  roads  increase. 

6.2.4  SHEETFLOWS  COMPARED  TO  ONTARIO  WATER  QUALITY  OBJECTIVES 
The  warm  weather  sheetf low  data  was  compared  to  the  Provincial 
Water  Quality  Objectives  on  Table  6.4.  Discharges  from  the  outfall 
can  be  compared  to  the  objectives  to  identify  pollutants  that  may 
contribute  to  existing  or  future  receiving  water  problems.  Most  of 
the  warm  weather  sheetflow  samples  exceeded  the  relevant 
objectives.  Phenolics,  zinc,  copper,  lead,  phthalates,  and  PCBs 
were  the  most  important  warm  weather  sheetflow  constituents  to 
exceed  the  objectives. 
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6.2.5  SOURCE  AREA  CONTRIBUTIONS  TO  OUTFALL  YIELDS 

It  IS  possible  to  estimate  the  effects  that  different  rain  events 
have  on  contributions  from  different  source  areas  to  warm  weather 
s  t  o  r mwa  ter  runoff  yields  because  different  runoff  processes  are 
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Table  6. A   WARM  WEATHER  WATER  QUALITY  OBSERVATIONS  COMPARED  TO  CRITERIA  AND 
OBJECTIVES   (continued) 


Ontario    Baseflow         Stormwater       Sheet- 
Water  flows 
Quality           Thistle-         Thistle- 


Constituent 

Objective 

Emery 

down 

Emery 

down 

Dieldrin 

1  ng/L 

0/9^^^) 

1/1 

0/12 

2/7 

0/5 

Endrin 

2  ng/L 

0/9 

0/1 

0/12 

1/7 

0/5 

Heptachlor 
Dibutylphthalate  - 

1  ng/L 

°/?3) 
NA^  ^-^ 

0/1 

0/12 

1/7 

0/5 

A  ug/L 

NA 

1/1 

0/1 

2/3 

Other  Phthalates 

0.2  ug/L 

NA 

NA 

1/1 

1/1 

2/3 

Poly chlorinated 

Biphenyl 

I  ng/L 

1/9 

0/1 

7/12 

0/7 

2/5 

(1)   number  of  observations  exceeding  objective  /  total  number  of 
observations 


(2)  Di-N-Butylphthalate  analysed 

(3)  NA  means  "not  analysed" 


occurring  during  different  rain  conditions   These  processes  were 
described  in  Section  6.1. 

It  should  be  noted  that  the  urban  storm  water  quality  model 
Toronto/S LAMM  is  based  on  organizing  the  expected  runoff  processes 
as  a  function  of  rain  characteristics  for  each  source  area.  An 
early  version  of  SLAMM  was  used  to  predict  the  relative 
contributions  of  selected  constituents  to  the  yield  at  the  outfall 
from  sheetflow  from  different  source  areas  during  warm  weather. 

Figures  6.4  and  6.5  shows  plots  of  the  relative  contributions  of 
total  residue  from  different  sources  as  a  function  of  rain  volume. 
These  plots  are  called  source  area  diagrams.  For  very  small  rain 
events,  the  impervious  areas  contribute  all  of  the  residue. 
Pervious  areas  start  to  contribute  important  residue  (due  to 
erosion)  in  the  runoff  from  moderate  rain  events  (about  5  mm). 

Relative  pollutant  strengths  were  obtained  from  the  sheetflow 
analyses  and  dry  particulate  samples,  discussed  in  Section  6.3. 
These  relative  strengths  are  expressed  in  units  of  mg  pollutant  per 
kg  total  residue.  They  were  used  to  produce  source  area  diagrams 
for  the  other  constituents.  These  diagrams  are  shown  as  Figures 
F.17  through  F.44  and  clearly  show  the  significant  effects  of 
different   land  uses  on  relative  source  contributions.  Parking  and 
storage  areas  contribute  most  of  the  particulate  pollutants  from 
the  industrial  catchment.  Landscaped  and  open  space  areas  are  more 
important  for  particulate  pollutants  in  the  residential  / 
comme  rcial  catchment,  but  only  for  the  large  events.  For  small 
events,  paved  surfaces  near  the  drainage  system  contribute  most  of 
the  particulate  pollutants  from  the  residential   /  comme  r  c i a  I 
catchment.  For  many  constituents,  paved  parking  areas  and  connected 
roofs  contribute  most  of  the  pollutants  discharged  in  the 
industrial  area. 

Table  6.5  su  mm  arizes  the  important  source  area  contributions  to 
s  n  o  wm  elt  runoff  during  cold  weather  conditions.  This  table  assumes 
that  losses  to  infiltration  were  insignificant.  The  area  (ha)  of 
each  source  area  and  the  s  nowme It  sheetflow  quality  were  used  to 
predict  the  discharges.  As  noted  earlier,  cadmium  and  fecal 
conforms  were  expected  to  be  associated  mostly  with  contributions 
from  the  shallow  ground  water  system,  and  are  therefore  not 
included  on  this  table.  The  effects  of  roof  runoff   is  contained  in 
areas  receiving  roof  runoff,  e.g.  driveways,  front  yards,  and 
parking  areas. 

Streets  are  seen  to  be  the  most  significant  source  of  many 
pollutants  in  the  residential  and  comme  rcial  catchment,  while 
parking  and  storage  areas  are  most  important  for  many  constituents 
in  the  industrial  catchment. 

The  snowpack  data  was  used  to  estimate  the  contributions  made  to 
s  n  owme It  outfall  quality  by  snowpacks  that  are  different  distances 
from  the  road  edge.  Table  6.6  s  umma  rizes  these  estimates,  based  on 
the  snowpack  quality  information  presented   in   the  previous 
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Table  6.6   TOTAL  POLLUTANT  LOADS  IN  SNOWPACKS  T^EAR  ROADS  COMPARED  TO 
TOTAL  MELT  YIELD 


Total  Distance  From  Roads 

0  to     0  to     0  to     0  to 

1  m      5  m      10  m     25  m 


Total  residue  (k^) 


Emery        -  roadside 

-  annual  melt 

-  road  as  %  of  melt 
Thistledown  -  roadside 

-  annual  melt 

-  road  as  %  of  melt 

Particulate    residue    (kg) 


Emery 


Thistledown 


-  roadside 

-  annual  melt 

-  road  as  %  of  melt 

-  roadside 

-  annual  melt 

-  road  as  %  of  melt 


Total  phosphorus  (kg) 


Emery 


Thistledown 


-  roadside 

-  annual  melt 

-  road  as  %  of  melt 

-  roadside 

-  annual  melt 

-  road  as  %  of  melt 


Lead  (kg) 


Emery 


Thistledown 


-  roadside 

-  annual  melt 

-  road  as  %  of  melt 

-  roadside 

-  annual  melt 

-  road  as  %  of  melt 


Zinc  (kg) 


Emery 


Thistledown 


-  roadside 

-  annual  melt 

-  road  as  %  of  melt 

-  roadside 

-  annual  melt 

-  road  as  %  of  melt 


7800 

15,000 

18,000 

40,000 

49,000 

49,000 

49,000 

49,000 

16% 

31 

37 

82 

840 

2900 

3400 

3400 

33,000 

33,000 

33,000 

33,000 

3 

9 

10 

10 

3200 

7000 

8000 

8000 

2800 

2800 

2800 

2800 

110 

250 

290 

290 

110 

530 

770 

770 

590 

590 

590 

590 

19 

90 

130 

130 

180 


Note:   §  means  "less  than". 


370 


440 


440 


29,000 

29,000 

29,000 

29,000 

§1 

1 

2 

2 

210 

720 

960 

960 

37,000 

37,000 

37,000 

37,000 

§1 

2 

3 

3 

350 

2400 

4600 

4600 

2500 

2500 

2500 

2500 

14 

96 

180 

180 

150 

340 

380 

720 

1600 

1600 

1600 

1600 

9 

21 

24 

45 

1500 

4400 

5900 

5900 

10,000 

10,000 

10,000 

10,000 

15 

44 

59 

59 

240 

670 

770 

1700 

3500 

3500 

3500 

3500 

7 

19 

22 

49 

subsection.  The  particulate  residue  in  snowpacks  within  five  metres 
of  the  road  can  account  for  90  percent  of  the  seasonal  s  nowme  I  t 
particulate  residue  discharge.  Lead  and  zinc  in  the  snow  within  25 
metres  of  the  road  only  contribute  approximately  one  half  of  the 
total  seasonal  sno  wm  elt  yield,  indicating  that  there  are  other 
important  sources  of  these  constituents,  e.g.  parking  areas.  The 
total  residue  and  phosphorus  in  the  snowpack  within  25  metres  from 
the  road  contributes  less  than  ten  percent  of  the  seasonal  s nowme It 
yields  for  these  constituents,  clearly  indicating  other  pollutant 
sources  more  important  than  roadside  snowmelt  for  these  pollutants. 

6  .  3   DRY  PARTICULATE  SOURCE  AREA  SAMPLES 

Dry  soil  samples  were  obtained  from  approximately  70  locations  in 
the  study  areas.  These  also  include  several  sediment  samples 
obtained  from  different  locations  from  the  Humber  River  itself. 
These  samples  were  sieved  into  nine  particle  sizes.  The  particle 
fractions  were  then  combined  into  four  subsets  prior  to  the 
chemical  analyses.  These  data  were  used  to  confirm  the  "potency" 
factors  of  different  source  area  soils  previously  obtained  from  the 
sheetflow  sampling  efforts,  and  to  examine  the  effects  of  different 
particle  sizes  on  chemical  quality.  Dry  particle  samples  could  be 
obtained  under  more  controlled  conditions  than  the  sheetflow 
samples  so  a  better  representation  of  source  areas  was  obtained. 
The  dry  soil  analysis  data  was  more  comparable  with  data  obtained 
e I  sewhere  . 

Table  F.12  shows  the  particle  size  distributions  for  the  dry 
particulate  samples,   including  the  calculated  median  particle 
sizes.  Many  samples  collected  in  pervious  areas  had  small  median 
particle  sizes  of  several  hundred  microns.  Unpaved  parking  and 
storage  areas  and  walkways  surfaced  with  larger  materials  had  much 
larger  particle  sizes,  up  to  2000  microns.  Paved  areas  had  median 
particle  sizes  of  approximately  500  to  1500  microns,  depending  on 
the  texture  and  condition  of  the  pavement.  The  river  sediment  had  a 
wide  range  of  median  particle  sizes,  from  approximately  several 
hundred  to  almost  4000  microns,  depending  on  location. 

Particulate  potency  factors  relate  pollutant  loadings  to  the  total 
residue  loadings.  Table  F.13  gives  the  potency  factor   information 
for  each  sample  collected.  Table  F.14  summarizes  these  potency 
factors  for  many  source  area  particulates  collected  in  the  test 
catchments.  These  data  show  the  variations  in  chemical  quality 
between  particles  from  different  source  areas  and  different  sizes. 
Typically,  the  potency  factors  increase  as  the  use  of  an  area 
becomes  more  intensive.   Increasing  concentrations  of  heavy  metals 
with  decreasing  particle  sizes  is  also  evident.  These 
concentrations  are  similar  to  those  found  in  other  studies  that 
have  been  conducted  in  North  America. 

6.4  STREFT  DIRT  ACCUMULAT ION 

Pavement  dirt  loadings  on  impervious  surfaces  are  the  result  of 
deposition,  removal  and  "permanent  storage".  The  permanent  storage 


component   is  a  function  of  pavement   texture  and  condition.   It   is 
the  quantity  of  dust  and  dirt  that  cannot  be  normally  removed  (such 
as  by  rain  or  by  street  cleaning).   It   ts  literally  trapped  in  the 
texture,  or  cracks,  of  the  pavement.  The  dirt  loading  at  any  time 
is  this  permanent   loading  plus  an  accumulation  component 
corresponding  to  the  exposure  period,  wind,  street  cleaning  and 
rain.  Very  little  removal  of  street  dirt  occurs  by  any  process  when 
the  dirt   loadings  are  small,  but  very  large  amounts  can  be  removed 
if  the  street  has  a  high  street  dirt   loading. 

A  series  of  street  dirt  accumulation  measurements  were  conducted  as 
part  of  this  project.  An  industrial  street  with  heavy  traffic 
(Norseman)  and  a  residential  street  with  light  traffic  (Glen  Roy) 
were  monitored  frequently  for  approximately  one  month.  At  the 
beginning  of  this  period,   intensive  street  cleaning  (one  pass  per 
day  for  each  of  three  consecutive  days)  was  conducted  to  obtain 
reasonably  clean  streets  for  the  existing  pavement  conditions. 
Street  dirt  loadings  were  monitored  every  few  days  to  measure  the 
accumulation  rate  of  street  dirt  and  to  examine  the  effects  of  any 
rain  events  that  may  occur  during  the  tests.  The  monitoring  is 
described  in  more  detail   in  Appendix  A. 

Figure  6.6  is  a  plot  of  the  total  observed  residue  loadings  with 
time,  for  the  Norseman  and  Glen  Roy  test  areas.  Figures  F.46 
through  F.53  in  Appendix  F  are  plots  of   the  observed  loadings 
versus  time  for  all  particle  sizes.   Initial   loadings  were  quite 
high,  but  were  significantly  reduced  with  the  intensive  street 
cleaning.  The  loading  on  the  industrial  street  increased  much 
faster  than  for  the  residential  street.  Figure  6.7  is  a  plot  of  how 
the  median  particle  size  changes  with  time.  Again,  right  after 
intensive  cleaning,   the  particle  sizes  were  similar  for  the  two 
streets.  However,   the  loading  of   larger  particles  on  the  industrial 
street   increased  at  a  much  faster  rate  than  on  the  residential 
street  . 
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Y  =  ax-bx2  +c 

where  Y  =  pavement  dirt  loading  at  time  x 

a,  b,  and  c  are  second  order  polynomial  curve 
coefficients 

ax     represents  the  linear  deposition  loading  component 

x2    represents  the  amount  lost  to  the  air,  and 

c      represents  the  initial  storage  loading. 
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Loading  data  is  usually  difficult  to  fit  to  any  curve  because  of 
measurement  and  interpretation  errors.  The  field  data  measurements 
are  usually  obtained  with  25  percent  allowable  errors  because  of 
the  large  cost   increases  needed  to  collect  enough  subsamples  to 
significantly  reduce  these  errors    It  requires  approximately  five 
times  as  many  street  dirt  subsamples  to  reduce  a  25  percent 
allowable  error   to  a  ten  percent  allowable  error   (Pitt,   1979).  A  25 
percent  allowable  error  is  usually  considered  adequate  in  the 
context  of  errors  associated  with  the  other  urban  runoff  study 
me  a  s  u  r  eme  n  t  s . 


Toronto  has  frequent  rain  events,   i.e.  every  few  days.   In  most 
cases,  frequent  rain  events  keep  the  pavement  dirt   loadings  very 
close  to  the  initial  storage  value,  with  little  increase  in  dirt 
accumulation  observed  over  time,  especially  in  residential  areas. 
This  will   result   in  loading  values  not  well  correlated  with 
accumulation  time.  Least-squares  linear  regression  analyses  of 
street  dirt   loading  data  may  also  be  adversely  affected  by  the 
small  number  of   long  periods  of  observation.  This  leverage  effect 
is  most  important   if  sufficient  observations  of   intermediate  length 
accumulation  periods  are  not  available  to  check  the  shape  of  the 
resulting  predicted  model. 
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There  was  a  surprising  similarity  In  the  loading  plots  for   the 
different  particle  sizes.  These  plots  are  shown  as  Figures  F.54 
through  F.62.   It  was  expected  that  rain  would  reduce  the  smaller 
particle  loadings  much  more  than  the  larger  particles.  The  first 
large  rain  occurred  when  the  street  dirt   loadings  were  quite  small 
Cdue  to  recent  intensive  street  cleaning)  and  did  not  affect  the 
loadings  of  any  of  the  particles  much.  The  second  large  rain 
occurred  when  the  street  dirt   loadings  were  much  greater.  This 
resulted  in  significant  loading  reductions  for  all  particle  sizes. 
A  separate  discussion  in  Section  6.5  presents  the  results  of  the 
controlled  washoff  tests  and  shows  the  particle  size  variations 
that  was  anticipated. 

Tables  6.8  through  6.10  s  umma  rize  the  street  dirt  accumulation  and 
maximum  storage  values  for  smooth  and  rough  residential  and 
industrial  pavements.  These  values  can  be  used  as  estimates  for 
paved  areas  other  than  streets,  e.g.  driveways,  parking  lots,  and 
storage  areas.  Loadings  for  walkways  and  sidewalks  are  estimated  to 
approximately  25  to  50  grams  per  square  metre,  with  little  change 
with  time. 

6. 5  WASHOFF  OF  STREET  DIRT 

A  series  of  eight  controlled  washoff  tests  were  conducted  in 
Toronto  as  part  of  this  study.  These  tests  were  arranged  in  a 
simple  three-way,  two-level  (23)  factorial  experimental  design 
(Box,  Hunter,  and  Hunter  1978)  with  rain  intensity  Cand  total 
rain),  pavement  loading  Cby  particle  size)  and  pavement  texture  as 
the  three  main  factors,  called  experimental  variables.  This 
experiment  was  designed  to  identify  the  most  important  experimental 
variables  that  affect  the  outcome  of  the  experiment.   It  is  much 
superior  to  the  typical  "holding  all  variables  constant,  except  for 
one"  method.  Fewer  experimental   runs  are  needed  for  testing  many 
factors,  and  significant   interactions  between  the  main  factors  can 
be  identified   For  example,   the  individual  main  factors  may  not 
have  significant  effect  on  the  experimental  result,  but  the 
simultaneous  effect  of  two  or  more  factors,  acting  either  together 
or  in  opposition,  may  be  significant   This  effect  could  not  be 
always   identified,  except  by   luck  or  by  conducting  very  large 
numbers  of  experiments  or  using  other  procedures. 

Simple  linear  models  can  be  identified  using  two-level  factorial 
analyses.  Models  can  be  expanded  by  using  more  sophisticated  data 
analysis  procedures   in  conjunction  with  carefully  selected 
additional  model  runs.  These  will  help  to  detect  "curvature"  in  the 
experimental  results  as  a  function  of  significant  intermediate 
factors. 


Factorial  experimental  designs  work  best  when  the  variables  can  be 
carefully  controlled,  such  as  in  a  laboratory  setting.  There  are 
many  very  powerful   factorial  designs  that  can  efficiently  examine 
the  effects  of  many  factors  with  relatively  few  experimental   runs. 
For  example,  by  using   two-level   fractional   factorial  designs,   it 
13  possible  to  examine  eleven  factors  for  all   first  order  and  many 


Table  6.8   STREET  DIRT  ACCUMULATION  RATES 


Accumulation  Rates, 

All  Textures  and  Conditions 


Residential 

Industrial 

initial 

first 

week. 

initial 

first  week 

accum.  rate 

accum. 

rate 

accum.  rate 

accum.  rate 

Unit  length  values 

(grams/curb- 

■meter/day) 

(grams/curb- 

•meter/day) 

Total  Solids 

3.5 

3.5 

40 

25 

§37  microns 

0.15 

0.15 

0.<5 

0.7 

37  to  64 

0.2 

0.2 

2.0 

1 

6A  to  125 

0.5 

0.5 

2.4 

2 

125  to  250 

0.9 

0.9 

3.3 

3 

250  to  500 

0.8 

0.8 

6.5 

5 

500  to  1000 

0.4 

0.4 

7.1 

5 

1000  to  2000 

0.4 

0.4 

4.5 

3 

2000  to  6450 

0.15 

0.15 

5.4 

3.4 

t6450 

0.16 

0.16 

5.9 

2.7 

Unit  area  values 

(kg/ha/dav) 

(kg/ha/day) 

Total  Solids 

9.3 

9.3 

65 

43 

§37  microns 

0.4 

0.4 

1.5 

1.1 

37  to  64 

0.5 

0.5 

3.3 

1.7 

64  to  125 

1.3 

1.3 

4.0 

3.3 

125  to  250 

2.3 

2.3 

5.5 

5 

250  to  500 

2.0 

2.0 

11 

8 

500  to  1000 

1-0 

1.0 

12 

8 

1000  to  2000 

1.0 

1.0 

7.5 

5 

2000  to  6450 

0.4 

0.4 

9 

6 

t6450 

0.4 

0.4 

10 

4.5 

Note:   §  means  "less  than"  and  t  means  "greater  than". 


Table  6.9   INITIAL  AND  M\XIMUM  STORAGE 

Rough  Texture  Streets  and  All  Streets  in  Poor  Condition 


Residential 

Industrial 

initial 

maximum 

initial 

maximum 

load 

load* 

load 

load* 

Unit  length  values 

(grams/curb- 

-meter) 

(grams/curb- 

-meter) 

Total  Solids 

100 

150 

160 

440 

§37  microns 

4 

5.5 

6 

14 

37  to  6A 

6.4 

9 

11 

18 

64  to  125 

14 

20 

22 

50 

125  to  250 

23 

34 

33 

80 

250  to  500 

27 

36 

35 

85 

500  to  1000 

20 

27 

30 

75 

1000  to  2000 

7 

12 

18 

60 

2000  to  6450 

3.5 

5 

7 

35 

t6450 

1 

3.5 

2.5 

20 

Unit  area  values** 

(kg/ha) 

(kg/ha) 

Total  Solids 

280 

400 

360 

980 

§37  microns 

11 

15 

13 

31 

37  to  64 

17 

24 

24 

40 

64  to  125 

37 

53 

49 

110 

125  to  250 

61 

91 

73 

180 

250  to  500 

72 

96 

78 

190 

500  to  1000 

53 

72 

67 

170 

1000  to  2000 

19 

32 

40 

130 

2000  to  6450 

9 

13 

16 

78 

t6450 

2.7 

9.4 

5.6 

44 

*   Maximum  loads  occur  after  about  10  days  of  accumulation. 

**  Unit  area  values  can  be  used  as  estimates  for  paved  driveways, 
parking  lots,  and  storage  (paved  footpath  and. sidewalks  loadin 
values  are  estimated  to  be  about  25  to  50  g/m  ). 

Note:   §  means  "less  than"  and  t  means  "greater  than". 


Table  6.10   INITIAL  AND  MAXIMUM  STORAGE 


Smooth  and  Intermediate  Texture  Streets  in  Good  to 
Moderate  Condition 


Residential 

Industrial 

initial 

maximum 

initial 

maximum 

load 

load* 

load 

load* 

Unit  length  values 

(grams/curb- 

-meter) 

(grams/curb- 

-meter) 

Total  Solids 

40 

90 

65 

340 

§37  microns 

1.6 

3 

2.5 

10 

37  to  64 

2.6 

5 

4.4 

11 

64  to  125 

5.7 

12 

9 

35 

125  to  250 

9.2 

20 

13 

60 

250  to  500 

11 

20 

14 

65 

500  to  1000 

8 

15 

11 

55 

1000  to  2000 

3 

8 

7 

50 

2000  to  6450 

1.4 

3 

3 

30 

t6450 

0.4 

3 

1 

20 

Unit  area  values** 

(kg/ha) 

Total  Solids 

100 

§37  microns 

3.9 

37  to  64 

6.3 

64  to  125 

14 

125  to  250 

22 

250  to  500 

27 

500  to  1000 

19 

1000  to  2000 

7.2 

2000  to  6450 

3.4 

t6450 

I.O 

215 

7.2 

12 

29 

48 

48 

36 

19 

7.2 

7.2 


fkg/ha) 


110 

4.2 

7.4 

15 

22 

23 

18 

12 

5 

2 


560 

17 

18 

58 

100 

110 

92 

84 

50 

33 


*   Maximum  loads  occur  after  about  10  days  of  accumulation. 

**  Unit  area  values  can  be  used  as  estimates  for  p)aved  driveways, 
parking  lots,  and  storage  (paved  footpath  and  sidewalks  loadin 
values  are  estimated  to  be  about  25  to  50  g/m  ). 

Note:   §  means  "less  than"  and  t  means  "greater  than". 


two-way  and  three-way  factor   interactions  with  only  16  experiments. 
In  "environmental  observation"  studies,  simple  full  experimental 
designs  should  be  selected  because  of  the  lack  of  precise  control 
over  all  of  the  factors  during  the  experiment.  Good  experimental 
designs  allow  modifications  in  design  and  analysis  configurations, 
after  the  data  and  factor   level  measurements  are  obtained. 

Figures  F.65  through  F.68  show  the  alternative  experimental  designs 
used  for  examining  the  loads  available  for  washoff  as  examples  of 
the  factorial  experimental  designs  and  analysis  procedures  used  in 
this  project. 

Figures  F.65  and  F.67  are  2^  designs  for  two  "extreme"  levels  of 
three  factors.  The  resulting  design  resembles  a  cubic  coordinate 
system,  with  each  of  the  three  factors  being  one  of  the  axes.  The 
lower  values  for  each  factor  are  placed  at  the  origin  of  the 
coordinate  system,  and  the  high  values  for  each  factor  are  placed 
at  the  other  corners.  Eight  experiments  are  then  run,  one 
representing  each  corner  of  the  cube.  The  runs  are  designated  by 
the  numbers  1  through  8.  The  first  three  columns  on  the  "Table  of 
Contrast  Coefficients"  on  the  figures  represent  the  three  main 
factors  (I  for  rain  intensity,  C  for  street  cleanliness,  and  T  for 
street  texture).  The  +  and  -  signs  under  each  column  for  each  of 
the  eight  runs  designate  the  experimental  conditions  for  each 
factor  for  each  run. 

The  two  extreme  levels  of  the  cleanliness  factor  indicate  a  dirty 
street  (the  first  sampling  run  at  a  site,  with  obviously  dirty 
streets)  and  a  clean  street  (the  same  site,  two  days  after 
completely  flushing  the  street  surface).  The  two  extreme  values  for 
the  texture  category  are  for  smooth  and  rough  textured  streets. 
These  were  selected  using  standard  photographs  of  street  textures. 
The  extreme  values  of  rain  intensity  were  controlled  by  the 
application  of  artificial   rain   at  rates  of  approximately  two  mm / h  r 
and  12  mm /hr   The  first  run  had  the  control  codes  !+,  C-,  and  T+, 
indicating  high  rain   intensity,  a  clean  street,  and  rough  texture. 
This  run  is  also  coded  as  HCR  . 

The  values  of  the  parameters  under  analysis  that  were  obtained  for 
each  run  are  also  shown  on  the  Table.  For  example,  the  load 
available  for  washoff,  for  the  conditions  occurring  during  the 
first  run,  was  28%  of  the  total   load.  Appendix  A  shows  the  field 
and  calculation  sheets  that  were  used  to  produce  the  values  for 
each  of  the  eight  runs   The  "effect"  of  each  factor  was  calculated 
by  adding,  or  subtracting,   the  appropriate  values  of  the  parameter 
for  each  run,  and  dividing  the  total  by  the  number  of  "plusses"  in 
the  factor  column  (4  in  these  examples).  As  an  example,  the  effect 
of  the  I  (intensity)  factor  was  calculated  in  the  following 
way:(+28  -50  +12  -13  +58  -35  +20  -63)  /  4  =  -10.75  rounded  to  -11. 
The  columns  with  multi-letter  titles  on  the  table  of  contrast 
coefficients  are  for  two-way  and  three-way  interactions  of  the 
factors.  As  examples,   IC  is  the  two-way  factor  combining  the 
effects  of  intensity  and  cleanliness.   ICT  is  the  only  three-way 
factor  and  includes  the  combined  effects  of  all   three  factors 


considered  together.  Factorial  analysis  is  the  most  efficient 
experimental  design  that  allows  these  multi-effects  to  be  examined. 

The  two  plots  on  the  figures  include  the  normal  distribution  plot 
of  the  effects  of  the  factors  and  a  simple  distribution  plot  of  the 
effects.  These  plots  are  one  way  of  determining  which  factors 
(including  the  main  factors  and  multi-effect  factors)  are 
important.   If  the  ranked  effects  plot  on  a  straight  line,  then  the 
experimental  observations  (the  values)  are  not  significantly 
different  from  random  observations.  What  is  wanted  is  a  small 
number  of  factors,  on  the  toe  or  the  head  of  the  distribution  plot, 
that  do  not  fit  the  straight  line.  These  "non-fitting"  factors  are 
the  significant  ones  that  are  used  to  produce  a  simple  model. 
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way  factor   ICT  obviously  does  not  fit  the 
the  other  factors  and  appears  to  have  a 
e.  A  simple  model  to  describe  available 
n  value  (35)  plus  or  minus  one  half  of  the 

35  +   11,  or  35  -  11,   i.e.  24  or  46, 
ng  value.  The  values  24  and  46  are  called 

set  of  parameters.  The  "model  value" 
des  either  of  these  two  values  for  each 

"sign".  The  residuals  are  calculated  fr  om 
he  observed  values  and  the  model  values, 
model   13  then  checked  with  a  normal 

residuals.  These  should  all  be  normally 

a  straight  line)  for  a  legitimate  model. 
ample,  the  residual  associated  with  the 
arge  "outlier". 


Figure  F.67  is  a  similar  analysis  for 
hours  of  rain.  In  this  case,  the  main 
and  the  model  residual  plot  shows  two 
"best"  model  for  this  analysis  is  the 
percent)  . 


the  percent  washoff  after  two 
factor  T  has  a  weak  effect, 
outliers.  Therefore,  the 
me  an  value  alone  (18 


Similar  analyses  were  repeated  many  times  for  different  values  of 
the  runs.  The  experiments  allowed  many  values  to  be  obtained. 
Wa  shoff  values  for  total  residue,  filterable  residue  (particles 
less  than  0.4  microns  in  diameter),  and  particulate  residue 
(particles  greater  than  0.4  microns  in  diameter)  were  obtained  for 
nine  time  periods.  The  time  periods  were  at  approximately  5,   10, 
20,  30,  50,  70,  90  and  120  minutes,  plus  the  final  rinse. 
The  loading  can  be  expressed  in  units  of  grams  per  square  metre  and 
grams  per  curb-metre,  concentrations  (mg/L),  and  the  percent  of  the 
total   initial   loading  washed  off.  Therefore,  more  than  100 
different  "nested"  washoff  outcome  values  were  obtained  for  these 
eight  experiments.   In  addition,  selected  analyses  were  also  made 
for  various  amounts  of  elapsed  time  since  the  beginning  of  the 
"rain". 


Very  good  models  were  identified,  with  good  residual  plots,  for 
several  conditions.  Typical  conditions  included  the  amount  of 
filterable  residue  washed  off  (g/m^),  or  the  percentage  washoff  of 


particulate  residue  after  six  mm  of  rain.  Some  models  had  no 
significant  effects  and  therefore  the  mean  values  were  used.  Some 
models  had  only  one  or  two  factors  with  very  strong  effects. 
However,  some  poor  models  were  also  generated.  These  were 
identified  during  the  analysis  of  residuals   Therefore  a  simplified 
version  of  the  experimental  design  was  also  used  for  the  analyses. 
After  the  monitoring  data  was  collected  it  was  noticed  that  one  of 
the  intended  "dirty"  street  tests  (coded  as  LDS,   light  rain 
intensity,  dirty  street,  smooth  texture),  had  significantly  cleaner 
initial  dirt  loadings  than  the  other  "dirty"  tests.  This  was 
probably  due  to  the  smooth  street  being  unable  to  retain  high 
street  dirt  loadings  due  to  its  lack  of  texture.  As  discussed  in 
Section  6.4,  smooth  streets  lose  much  of  their  high  street  dirt 
loadings  as  fugitive  dust  during  high  winds,  or  heavy  traffic. 
Therefore,  these  test  observations  were  eliminated  and  an  alternate 
design  was  analysed. 

Figures  F.66  and  F.68  are  the  analysis  worksheets  for  this 
alternative  design,  using  replicate  observations  for  three  of  the 
four  newly  designated  test  runs.  Each  analysis  required  three 
separate  analyses  to  examine  all  possible  two-way  factor 
interactions.  The  three-way  interaction  was  not   investigated  in 
these  alternative  designs,  but  the  outcomes  of  the  models  could  be 
confirmed.   In  these  alternative  analyses,  pooled  standard  error 
values  were  calculated  and  used  to  identify  the  significant  model 
factors.  This  was  possible  because  of  the  replicate  observations. 
Only  the  factor  effects  greater  than  the  standard  error  value  are 
sign!  f  icant  . 

Figure  F.66  shows  that  when  calculating  available  load  as  a 
percentage  of  total   load  for   intensity  (M  and  cleanliness  (C) 
factors  (plus  their  interaction   factor,   IC).  only  the  average 
value  and  the  cleanliness  factor  are  significantly  greater  than  the 
standard  error.  Therefore,  the  two  possible  outcomes  are  16  percent 
for  dirty  streets,  and  46  percent   for  clean  streets.  Rain   intensity 
and  the  factor   interaction  of  IC  were  not  significant.  This  model 
was  confirmed  in  the  other  two  analyses  on  this  figure.   Intensity, 
texture,  and  their  interaction  IT  are  not  significant  in  the  second 
analysis.  Cleanliness  was  significant  in  the  third  analysis.  The 
third  analysis  (examining  C,  T,  and.CT)  produced  a  model  showing  18 
percent  washoff  for  dirty  streets  and  44  percent  washoff  for  clean 
streets,  which  are  very  close  to  the  values  produced  with  the  first 
analysis  examining  I,  C,  and  IC.  Therefore,  the  two  points  for  a 
simple  washoff  model  would  be  approximately  17  percent  washoff  for 
dirty  streets  (12.6  grams  per  square  metre)  and  45  percent  washoff 
for  clean  streets  (2.7  grams  per  square  metre).  These  values  were 
used  with  data  obtained  from  actual  rain  and  street  washoff 
observations  to  produce  the  washoff  component  of  the  SLAMM  model. 

Another  two-way,  two-level  ( 2^ )  example  is  shown  in  Figure  F.68, 
This  analysis  was  used  to  investigate  the  amount  of  rain  needed  to 
produce  90  percent  washoff  of  the  available  loading.  The  only 
significant  factors  found  were  the  average  values  (18  mm  of  rain) 
and  the  combined  effect  of  cleanliness  and  texture  (CT).  Rain 


intensity  was  not  an  important  factor.  Street  cleanliness  was  much 
more  important  than  texture,  resulting  in  the  model  of  M.5  mm  of 
rain  for  clean  streets  and  21.5  mm  of  rain  for  dirty  streets  to 
produce  9  0%  washoff  of  the  available  loading. 


Plots  of  accumulative  washoff  are  shown  on  Figures  F. 
These  plots  show  the  asymptotic  washoff  values  observ 
the  tests.  The  maximum  asymptotic  values  should  be  co 
the  "available"  pavement  loading  in  most  models.  The 
loadings  are  also  shown  on  these  plots  and  are  seen  t 
times  larger  than  these  "available"  loading  values.  I 
interesting  to  note  that  filtrate  residue  makes  up  mo 
accumulative  total  residue  weight  after  approximately 
minutes  of  rain.  Figure  6.10  is  a  plot  of  the  accumul 
curves  for  total  residue  (g/m^)  for  all  tests.  Figure 
the  accumulative  particulate  residue  washoff  plot,  an 
IS  the  plot  for  filtrate  residue.  The  total  loading  a 
loading  values  for  filtrate  residue  are  quite  close, 
almost  complete  washoff  of  the  very  small  particles, 
however,  shows  quite  large  differences  between  availa 
total  loads  for  washoff  particles  greater  than  0.4  mi 
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Table  6.11  and  Figures  6.13  and  6.14  are  plots  of  available  load  as 
a  function  of  particle  size  (based  on  actual  washoff  measurements 
in  Bellevue  and  N4ilwaukee).  No  particles  greater  than  2000  microns 
are  expected  in  runoff  from  pavement  under  normal  conditions. 

The  factorial  analyses  of  available  total  residue  loadings  versus 
total   loadings  showed  that  pavement  dirt   loadings  were  a 
significant  factor.  The  proportion  of  the  total  residue  loading 
that   IS  available  for  washoff   increases  as  the  total  residue 
loading  decreases.  Particles  between  125  and  500  microns  make  up 
approximately  one  half  of  the  particulate  residue  washoff  loadings. 
As  was  shown  on  Figures  F.67  and  F.68,  the  additional   factorial 
analyses  of  "the  rain  quantities  needed  for  90  percent  washoff  of 
the  available  loadings"  showed  little  variation  for  any  of  the 
factors.  Figure  6.15  and  Table  6.12  show  the  slight  effect  that 
dirt   loadings  have  on  rain  quantity  needed  for  90  percent  washoff. 
It  should  be  noted  that  no  normal  rain  events  are  expected  to  be 
capable  of  90  percent  washoff  of  "total"  residue,  but  many  are 
capable  of  90  percent  washoff  of  "available"  residue. 

6.6   ACTUAL  STREET  DIRT  WASHOFF  OBSERVATIONS  DURING  RAIN  EVENTS 

The  Bellevue,  Washington,  urban  runoff  project  (Pitt,   1984) 
included  approximately  50  pairs  of  street  dirt  loading  observations 
close  to  the  beginnings  and  ends  of  rain  events.  These  "before"  and 
"after"  loading  values  were  compared  to  determine  significant 
differences  in  loadings  that  may  have  been  caused  by  the  rain 
events.  The  observations  were  affected  by  rain  events  falling 
directly  on  the  streets,  along  with  runoff  and  particulates 
originating  from  nonstreet  areas.  The  net  loading  differences  were 
therefore  affected  by  street  dirt  washoff  by  direct  rain  events  on 


FIGURE  6.10 
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FIGURE  6-11    "SUSPENDED"  SOLIDS  (>0.4  microns)  WASHOFF 
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FIGURE  6.12 
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Table  6.11   AVAILABLE  LOAD  AS  A  PERCENTAGE  OF  TOTAL  LOAD  FOR 
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Table  6.12   FINAL  WASHOFF  MODEL  RESULTS 


Total  Sc 
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1.00 
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(1)   HDS:  high  rain  intensity,  dirty  street,  and  smooth  street 
texture  (more  efficient  washoff). 


the  street  surfaces,  by  gutter   flows  augmented  by  "upstream"  area 
runoff  and  by  erosion  products  ttiat  originated  from  nonstreet  areas 
but  may  have  settled  out   in  the  gutters   When  all   the  data  were 
considered  together,   the  net   loading  difference  was  approximately 
35  to  45  Ibs/curb-mile  removed.   This  amounted  to  a  street  dirt   load 
reduction  of  approximately  16  percent,  which  was  much  less  than 
predicted  using  typical  urban  runoff  models.   It  was,  however, 
comparable  to  the  models  produced  from  the  special  street  dirt 
washoff   tests  discussed  in  the  previous  subsection. 

Figure  6.16  su  mm  arizes  the  Bellevue  data  and  shows  very  large 
reductions  in  loadings  for  the  small  particles.   It  also  shows  that 
the  loadings  of  the  largest  particles  actually  increased  due  to 
settled  erosion  materials   The  particles  were  not   from  limited 
sources,  but  armour  shielding  may  have  been  important.  Most  of  the 
weight  of  solid  material   in  the  runoff  was  in  the  fine  particle 
sizes.  Very  few  washoff  particles  greater   than   1000  microns  were 
found.  Actual  runoff  particle  size  analyses  in  Bellevue  (Pitt  and 
Bissonnette,   1983)  found  a  median  particle  size  of  approximately  50 
microns.  Similar   results  were  obtained  in   the  Milwaukee  U.S. 
Environmental  Protection  Agency's  Nationwide  Urban  Runoff  Program 
(NURP)  study  (Bannerman  et  al.,   1983) 

Particulate  washoff  predictions  for  Bellevue  conditions  were  made 
using  several  popular  washoff  equations  (the  Sutherland  and  McCuen 
modification  of  the  Yalin  equation,  and  the  Sartor  and  Boyd 
equation).  Three  particle  size  groups  (<63,  250-500,  and  2000-6350 
microns),  and  three  rain  event  sizes  (5,   10,  and  20  mm )   were 
considered.  The  rain  events  were  all  of  three  hours  duration.  The 
gutter  length  for  the  Bellevue  test  areas  was  approximately  80 
meters  per  inlet  (8000  m  of  curbs  and  100  inlets),   the  gutter 
slopes  averaged  approximately  4.5  percent,  and  the  impervious  area 
used  was  100  percent  for  the  streets  and  gutters.  Typical   initial 
total  street  dirt  loadings  for  the  three  particle  sizes  are  listed 
b  e I ow  : 

<63  microns  :  9  g/curb-metre, 

250-500  microns  :   18  g/curb-metre,  and 

2000-6350  microns    9  g/curb-metre. 

The  net  actual   loading  removed  during  the  storms  in  Bellevue  was 
approximately  45  percent  for  the  smallest  particle  size  group,   17 
percent  for  the  middle  particle  size  group,  and  -6  percent  (6 
percent  loading  increase)  for  the  largest  particle  size  group.  The 
removals  were  calculated  to  be  90  to  100  percent  using  the 
Sutherland  and  McCuen  method,  61  to  98  percent  using  the  Sartor  and 
Boyd  equation,  and  8  to  37  percent  using  the  availability  factor 
with  the  Sartor  and  Boyd  equation.  There  were  no  differences 
calculated  in  removal  percentages  as  a  function  of  particle  size. 
The  ranges  given  for  these  other  models  reflect  the  different  rain 
volumes  and  intensities  only.  The  calculations  using  the 
availability  factor  with  the  Sartor  and  Boyd  equation  resulted  in 
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the  predicted  values  closest  to  the  field  results.  However,  the 
great  difference  in  washoff  as  a  function  of  particle  size  was  not 
predicted. 

6  .  7   CALIBRATION  AND  VERIFICATION  OF  SLAMM  QUALITY  COMPONENTS 

The  To r on t o / Sou r c e  Loading  and  Management  Model  ( T o r o n t o / SLAMM) 
report  prepared  for  the  MOE  discussed  the  stormwater  runoff  portion 
of  the  model.  The  street  total  residue  sheetflow  concentrations 
were  obtained  from  the  washoff  tests  conducted  during  this  Number 
River  Pilot  Watershed  Project  and  were  corrected  for  background 
filterable  residue  (TDS)  concentrations.  The  sheetflow  pollutant 
concentrations  (adjusted  for  delivery  efficiency)  were  then  used  in 
conjunction  with  the  sheetflow  runoff  relationships  (previously 
described  in  Section  4.3)  for  the  different  source  areas.  Figures 
6.17  and  6.18  show  the  excellent  agreement  between  the  warm  weather 
s  t  o  r  mw  afer  runoff  outfall  pollutant  concentrations  (seasonally 
adjusted)  for  many  pollutants  for  both  study  areas  with  the 
predicted  values.  Sufficient  data  was  not  available  to  attempt  a 
completely  independent  verification  procedure  using  outfall  data 
from  other   land  uses  or  study  periods. 

6 . 8   SPECIFIC  POLLUTANT  SOURCES 

6.8.1  OTHER  POLLUTANT  CONTRIBUTIONS  TO  THE  STORM  DRAIN  SYSTEM 
Wh  en  conducting  the  various  data  analyses  discussed  in  the  previous 
sections  of  this  report,   it  was  noted  that  subsurface  contributions 
to  the  storm  drainage  system  were  probable.  High  concentrations  of 
dissolved  chromium  in  the  industrial  outfall  during  both  wet  and 
dry  weather,  accompanied  by  appreciable  concentrations  of  dissolved 
copper  and  dissolved  zinc  could  not  be  explained  by  the  wet  weather 
sheetflow  observations.  Very  few  detectable  chromium  observations 
were  obtained  in  any  of  the  more  than  100  surface  sheetflow  samples 
analysed.   It   is  expected  that  some  industrial  wastes,  possibly 
originating  from  metal  plating  operations,  are  the  cause  of   these 
high  concentrations  of  dissolved  metals  at   the  outfall. 

During  the  field  sampling  program,  many  periods  of  highly  coloured 
(red,  brown,  grey,  etc)  baseflows  were  also  observed  flowing  from 
the  industrial  catchment.  Chemical  analyses  showed  elevated 
concentrations  of  many  pollutants.  Probable  sources  can  not  be 
assumed,  except  that  the  washing  of  work  areas  in  cement  and  stone 
working  plants  could  have  been  responsible  for  some  of  the  cloudy 
dry  weather  discharges,  and  the  plating  wastes  noted  above.  Other 
potential  dry  weather  sources  of  contaminated  water  from  the 
industrial  area  could  include  "non-contact"  cooling  water,  process 
water  (both  slug  or  continuous  discharges),  equipment  and  work  area 
cleaning  water  discharged  to  floor  drains,  spills  during  loading 
operations  (and  subsequent  washing  of  the  material   into  the  storm 
drain).  These  same  processes  could  have  also  occurred  during  wet 
weather  in  addition  to  leaching  of  contaminants  from  product  and 
material  storage  piles. 


FIGURE    6.17 

Observed  Vs, 


Modeled  Outfall   Pollutant  Cone 

Thistledown     (Residential) 


^ 


C71 

E 

a> 
o 
CI.     2 

d 

c 
o 

"    0 

■o 

t 

Q> 

CO 

JD    -2  • 
O 


-4- 


-A 


-2 


FIGURE    6.18 
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High  fecal  coliform  bacteria  populations  were  also  observed  at  the 
outfalls  in  both  the  industrial  and  the  residential  /  co  mm  e  r  c i a  I 
catchments.  During  the  warm  weather  sampling  period,   the  surface 
sheetflows  were  thought  to  be  responsible  for  most  of  the 
observations  of  bacteria  at  the  outfalls.  However,  during  cold 
weather,  very  few  detectable  surface  snowmelt  sheetflow  or  snow 
pack  fecal  coliform  observations  were  obtained,  while  the  outfall 
observations  were  still  quite  high.  Leaking  sanitary  sewerage  is 
therefore  suspected  at  both  study  areas.  Fecal  bacteria 
contaminated  sump  pump  drainage  or  accumulations  of  bacteria  over 
long  periods  in  the  storm  drainage  is  not  thought  to  be 
significant. 
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The  use  of  c  omme  rcial   landscape  maintenance  services  is  increasing 

in  urban  areas   High  concentrations  of  nutrients  and  pesticides 

have  been  observed  for  many  years  in  outfall  samples  and  indicate 

the  over  use  of  these  products.  Commercial   landscape  maintenance 
services  should  be  licensed  by  the  municipalities.  The  types, 

amounts,  and  timing  of  chemical  applications  need  to  be  carefully 
monitored  and  controlled. 


6.8.2  BACTERIA  SOURCES 

Fecal  coliform  bacteria  are  possibly  one  of  the  most  important 
pollutants  originating  from  urban  runoff  in  the  Toronto  area.   It   is 
therefore  important  to  understand  the  meanings  of  the  different 
coliform  indicator  tests.  The  fecal  coliform  test  is  not  specific 
for  any  one  coliform  type,  or  groups  of  types,  but  instead  has  an 
excellent  positive  correlation  for  coliform  bacteria  derived  from 
the  intestinal   tract  of  warm  blooded  animals  (Geldreich,  et  al, 
1968).  The  fecal  coliform  test  measures  Escher  ichia  coll  as  well  as 


all  other  conforms  that  can  ferment   lactose  at  44.5  oC  and  are 
found  in  warm  blooded  fecal  discharges.  Geldreich  (1976)  found  that 
the  fecal  coliform  test  represents  over  96  percent  of  the  coliforms 
derived  from  human  feces  and  from  93  to  96  percent  of  those 
discharged  in  feces  from  other  warm  blooded  animals,   including 
livestock,  poultry,  cats,  dogs,  and  rodents.  The  variations  in  the 
specific  fecal  coliform  bacteria  biotypes  are  related  to  both  fecal 
moisture  content  and  diet.  Moisture  and  diet  may  also  affect  the 
variety  of  bacteria  biotypes  found  in  the  fecal  coliform 
populations  from  different  animal  groups.   In  many  urban  runoff 
studies,  all  of  the  fecal  coliforms  were  £..  co  I  i  (Quresh  and  Dutka, 
1979).  Fecal  streptococci    bacteria  are  all  of  the  intestinal 
Streptococci  bacteria  from  warm  blooded  animal   feces  (Geldreich  and 
Kenner,   1969).  The  types  and  concentrations  of  different  bacteria 
biotypes  varies  for  different  animal  sources.  Quresh  and  Dutka 
(1979)  found  that  pathogenic  bacteria  biotypes  are  present  in 
southern  Ontario  urban  runoff  and  are  probably  from  several 
different  sources. 

Van  Donzel,  Geldreich,  and  Clarke  (1967)  reviewed  waterborne 
disease  outbreak  information  for   1946  to  1960.  Almost  26,000  cases 
were  listed  for  almost  230  known  outbreaks  in  the  United  States  and 
Puerto  Rico.  At  least  29  of  these  outbreaks,   involving  more  than 
9,000  cases,  were  associated  with  stormwater  runoff  caused  by 
runoff  washing  either  human  and  animal   feces  or   sewage  into  wells, 
springs,  streams,  reservoirs,  and  open  water  mains,  or  by 
widespread  flooding  of   individual  and  public  water  systems.  Quresh 
and  Dutka  (1979)  have  mentioned  the  potential  health  hazards  of 
stormwater  discharges  throughout  rain  events  in  Southern  Ontario. 


Several  authors,  however,  did  not  think  that  urban  runoff  may 
present  a  significant  health  problem.  Olivieri,  Kruse,  and  Kawata 
(1977a)  did  not  believe  that  urban  runoff  constitutes  a  major 
health  problem  because  of  the  large  numbers  of  viable  bacteria 
cells  that  must  be  consumed  to  establish  an  infection.  For  urban 
runoff,   it  may  be  impossible  to  consume  enough  bacteria  cells  to 
establish  the  infective  dose.  The  importance  of  urban  runoff  in 
disease  transmission  in  the  Ottawa  area  was  also  questioned  by  Gore 
and  Storrie  /  Proctor  and  Redfern  (1981b).  They  stated  that   little 
or  no  correlations  were  found  between  indicator  and  pathogenic 
bacteria  in  the  stor  mw  ater  runoff  and  receiving  waters. 

Pseudomonas  aeruginosa  is  reported  to  be  the  most  abundant 
pathogenic  bacteria  organism  in  urban  runoff  and  streams  (Olivieri, 
Kruse,  and  Kawata  (1977b)   This  pathogen  is  associated  with  eye  and 
ear   infections  and  is  resistant  to  antibiotics.  They  also  stated 
that  past  studies  have  failed  to  show  any  relationships  between  P . 
aeruginosa  concentrations  in  bathing  waters  and  ear  infections. 
However  ,  Pseud  omo  n  a  s  concentrations  in  urban  runoff  are  at 
significantly  greater  concentrations  (approximately  100  times)  than 
the  values  associated  with  past  bathing  beach  studies.  Cabelli, 
Kennedy,  and  Levin  (1976)  stated  that  £^  aerua  i  nosa  is  indigenous 
in  approximately  15  percent  of  the  human  population.  Swi mme  r  ' s  ear 
or  other  Pseudomonas  infections  may,   therefore,  be  caused  by  trauma 


to  the  ear  canals  associated  with  swi mm ing  and  diving 
exposure  to  Pseudomonas  in  the  bathing  water. 
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6.8.3  SALT 

The  de-icing  of  streets  Is  an  important  job  of  public  works 
departments.  However,  the  effects  of  salts  of  de-icing  compounds  on 
receiving  waters  has  been  of  concern  for  many  years.  Many 
municipalities  have  significantly  reduced  the  amounts  of  salt 


applied  in  recent  years.  Only  the  major  roads  in  the  two  test  areas 
were  salted  during  the  study  period.   In  the  Emery  catchment, 
Signet,  Weston,  and  Toryork  Roads  were  the  only  roads  salted.   In 
the  Thistledown  catchment,  only  Albion  Road  was  salted. 

Table  6.13  s  umma  rizes  the  estimated  salt  applications  in  the  two 
catchments  during  the  winter  of  1983  and  1984.  Approximately  700  kg 
of  chlorides  per  hectare  were  spread  in  Emery  and  approximately  400 
kg  of  chlorides  per  hectare  were  spread  in  Thistledown. 
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Table  6.13   ESTIMATED  SALT  APPLICATION 

Emery:  about  lAOO  lb.  of  salt  applied  per    2-lane  miles,  only  on  Signet, 
Weston,  and   Toryork  Roads.    Total  of  about  5.4  miles  of  2-lane 
roads . 

Thistledown  :  about  1000  lb.  of  salt  applied  per  event  less  than  5  cm 

snow  per  2-lane  miles,  only  on  Albion  Road.   Total  of  about  1.3  miles 
of  2-lane  roads. 


month 

#  of  all  snow  events 

snows  §5cm 

November  1983 
December 
January  1984 
February 
March 

6 

12 
14 

8 
10 

6 

10 

13 

6 

8 

Total 

50 

43 

(1)   excludes  "TR"  events. 


Emery:  5.4  miles  X  50  events  X  1400  Ib/mile-event  =  380,000  lb  salt 
X  0.60  CI  per  lb  NaCl  =  230,000  lb  chlorides/154  ha 
=  1480  lb  chlorides/ha  X  0.454  kg/lb  =  670  kg  chlorides/ha  applied 
for  Emery. 

Thistledown  :  1.3  miles  X  43  events  X  1000  Ib/raile-event  =  56,000  lb  salt 
X  0.60  CI  per  lb  NaCl  =  33,500  lb  chlorides/39ha 
=  860  lb  chlorides/ha  X  0.454  kg/lb  =  390  kg  chlorides/ha  applied  for 

Thistledown  . 


Note:   §  means  "less  than". 


7 .0   URBAN  RUNOFF  CONTROLS 


7 . 1    I NTRODUCT ION 

One  of  the  main  functions  of   the  Toronto  /  Source  Loading  and 
Management  Model   C To r o n t o / S L AMM )   is  to  predict   the  effectiveness  of 
various  control  options  in  warm  weather  stor  mwa  ter  runoff  from 
source  areas,  sewerage,  and  at  the  outfall.  Many  of  the  analyses 
performed  as  part  of  this  Pilot  Watershed  Project  were  used  in  the 
development  and  calibration  of  the  Toronto  /  SL  A MM  model  .  Previous 
urban  runoff  research  projects  conducted  throughout   the  U.S.  and 
Canada  also  supplied  important   information  concerning  various 
processes  that  were  modeled.  Special  street  cleaning  tests  were 
conducted  as  part  of  this  project  In  Toronto  to  allow  much  of  the 
previous  street  cleaning  information  to  be  applied  to  the  Toronto 


area 


The  Urban  Runoff  Controls  Manual  of  Practice,  prepared  for  the  MOE 
as  part  of  the  Toronto  /  SLAMM  project,  extensively  documents 
performance  expectations  and  design  procedures  for  applicable  urban 
runoff  controls.  The  land  surface  contribution  model  prepared  as  a 
utility  to  SLAMM  was  used  in  the  sensitivity  analysis  report  (of 
the  Toronto  /  SLAMM  project)  to  predict  the  importance  of  different 
source  areas  for  different  pollutants  (and  flows)  for  storms  of 
different  rain  depths  and  land  uses.  A  composite  model  utility  was 
prepared  to  predict   the  effects  of  combining  the  different 
homogeneous   land  uses  into  real  watershed  configurations.   Included 
in  the  composite  model  utility  is  the  capability  to  examine  the 
effects  of  controls  on  different  source  areas  and  at  the  outfall 
for  each  land  use  within  the  watershed.  This  section  su  mm  arizes 
these  previous  modeling  efforts  conducted  for  the  urban  Number 
River  catchment  that  predict  how  the  different  controls  may  be 
expected  to  perform  in  the  Thistledown  and  Emery  catchments  and   in 
the  specific   land  uses  present   in  the  complete  urban  Number  River 
catchment . 

7  .  2  STREET  CLEANER  PERFORMANCE 

Street  cleaning  can  significantly  affect  street  dirt   loadings. 
Several   tests  were  conducted  in  conjunction  with  the  accumulation 
tests  to  compare  the  effectiveness  of  Toronto  street  cleaning 
practices  with  more  extensive  data  previously  collected  elsewhere. 
The  Toronto  area  street  cleaning  tests  results  from  both  the 
residential  (Glen  Roy)  and  the  industrial   (Norseman)  areas  were 
similar   to  each  other.  They  were  also  similar   to  other  street 
cleaning  tests  conducted  elsewhere,  after  considering  the 
differences  in  initial  (before  street  cleaning)  street  dirt 
loadings. 

The  main  factors  affecting  street  cleaning  productivity  are  initial 
street  dirt  loadings  and  street  texture.  Both  Toronto  sites  had 
similarly  smooth  textured  roads.  Other  factors,  such  as  cleaning 
equipment  type  (vacuum,  mechanical,  or  regenerative  air),  operating 
conditions,  densities  of  parked  cars,  etc,  all  may  effect  street 
cleaning  performance,  but   to  much   lesser  extents  than  street  dirt 
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loading  and  street  texture  (Pitt,  Ugelow,  and  Sartor,   1976;  Pitt, 
1979).  The  street  cleaning  productivity  curves  (before  cleaning 
loading  versus  after  cleaning   loading)  for  Toronto  streets  were 
approximately  in  between  the  curves  prepared  for  the  Bellevue, 
Washington  mechanical   (Mobil)  and  regenerative-air  (Tymco) 
e  qu  I  pme  nt   (Pitt   1984). 

Street  cleaner  performance   is  very  dependent  on  particle  size. 
Removals  of  significant  volumes  of   large  particles  may  occur,  while 
the  smaller  particles  may  be  little  affected.   If  the  loadings  of 
500-1000  micron  particles  are  less  than  approximately  20  g/curb-m 
on  smooth  asphalt  streets,   then  street  cleaning  does  little  good. 
Approximately  only  10  percent  of  the  load  can  be  expected  to  be 
removed.  As  the  loadings  increase,  so  do  the  removals.   If  the 
loading  is  approximately  30  g/curb-m,  removal  of  approximately  25 
percent  of  the  load  can  be  expected.  Removals  of  up  to 
approximately  50  percent  can  be  expected  if  the  initial   loadings 
are  higher   than  40  g/curb-m  for   this  particle  size. 


Tests 

conducted  in  Bellevue,  Washington  (Pitt,   1984)  and  in  Castro 

Va  1  ley 

,  California  (Pitt  and  Shawley,  1981)  showed  the  increased 

performance  obtainable  with  a  regenerative-air  street  cleaner, 

c  omp  a  r 

ed  to  a  mechanical  street  sweeper,  for   low  initial  street 

dirt   1 

oadings.  The  improved  performance  was  much  greater  for  fine 

pa  r  t  1  c 

le  sizes,  of  which  the  mechanical  street  cleaner  did  not 

r  emo  v  e 

any  significant  quantities.  The  larger  particles  were 

r  emo V  e 

d  with  approximately  the  same  effectiveness  for  both  street 

c  1  e  a  n  e 

r  types.  Other  tests  of  vacuum  street  cleaners  (Pitt,   1979) 

s  howe  d 

very  few  differences  in  performance  when  compared  to  more 

s  t  a  n  da 

rd  mechanical  street  cleaners.  These  earlier  tests  were 

c  0  n  d  u  c 

ted  in  areas  having  much  higher  street  loadings,  especially 

for   t  h 

e   larger  particle  sizes,   than   in  Toronto.   It   is  expected  that 

the  hi 

gh   loadings  of   the  large  particles  armored  the  small 

part  1  c 

les,  so  they  could  not  be  removed.  For  high  loadings,   it  may 

be  b  e  s 

t  to  first  clean  with  a  mechanical  street  cleaner  to  remove 

the  la 

rge  particles,   followed  by  a  regenerative-air  street  cleaner 

to  remove  the  finer  particles. 

The  Toronto  street  cleaning  test  results  were  combined  with  the 
Toronto  source  area  information  and  the  street  cleaning  module  of 
Toronto  /  SLAMM  to  predict  the  effectiveness  of  different  street 
cleaning  programs  in  reducing  loadings  of  pollutants  at  the 
outfall.   It  was  concluded  that  street  cleaning  is  not  expected  to 
be  very  effective   in   the  Toronto  area  during  periods  of  warm 
weather  stor  mwa  ter  runoff.  The  benefits  of  the  street  cleaning  on 
annual  water  quality  discharges  at  the  outfall   typically  range  from 
approximately  seven  to  30  percent,  depending  on  the  pollutant. 

Street  cleaning  can  be  much  more  effective  when  considering  only 
small   rain  events.  For  example,  street  cleaning  in  residential 
areas  may  reduce  the  pollutant  load  by  approximately  30  percent 
during  small  (2  mm )  rain  events.  During  these  small  events,  most  of 
the  pollutants  originate  from  connected  impervious  areas,  such  as 
the  streets.  Street  cleaning  can  also  be  more  effective  in 
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industrial  areas,  especially  if  paved  parking/storage  areas  can  be 
effectively  cleaned.   The  pollutant   loading  can  be  reduced  by  up  to 
approximately  70  percent   if  paved   industrial  parking  /  storage 
areas  can  be  effectively  cleaned.  However,  the  more  common  type  of 
street  cleaning  program  would  only  reduce  the  pollutant   load  by 
less  than   10  percent.   Intensive  spring  cleanup  by  street  cleaning 
was  not  evaluated   in  Toronto.   It   is  assumed  to  be  very   important   in 
reducing  pollutant  discharges  from  early  spring  rains. 
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The  concentrations  of  constituents  in  runoff  shown  on  these  figures 
are  for  long-term  averages.  Runoff  from  individual  streets  during 
single  storm  events  would  show  much  more  variability.  The  effects 
of  street  cleaning  on  outfall   runoff  quality  will   vary  greatly, 
depending  on  the   importance  of  contributions  from  other  source 
areas  . 

7  .  3  THE  EFFECTIVENESS  OF  OTHER  SOURCE  AREA  AND  OUTFALL  CONTROL 
OPT  I ONS 

On-site  infiltration  can  remove  100  percent  of   the  flows  and 
pollutants  from  the  runoff   from  contributing  source  areas,   if 
properly  designed  and  maintained.  However,  care  must  be  taken  to 
prevent  ground  water  contamination.   Infiltration   trenches 
approximately  1.2  m  (W)  by  1.2  m  (D)  may  safely  handle  runoff  from 
a  tributary  area   in  the  order  of  20  to  40  m  away  from  the  trench, 
depending  on  the  soil  porosity  (Lake  Tahoe,   1978). 

Porous  pavement  can  be  an  effective  control  option  if  properly 
designed  and  maintained.  Lattice  blocks   in  parking  areas  show  the 
most  promise  for  the  Toronto  area.   It  is  estimated  that  porous 
pavement  can  control  approximately  75  to  95  percent  of  the  flow 
(Day,   1980).  Porous  pavements  must  be  properly  constructed  with 
suitable  subgrades  to  drain  the  percolating  water  away  (Cedergren, 
1974  )  . 
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FIGURE  7.1      Street  Cleaning   Productivity 
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FIGURE  7.2    Street  Cleaning   Productivity 
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Pitt  (1984)  found  that  cleaning  catctibasins  twice  a  year   to  be 
partially  effective.  Residue  and  lead  loads  may  be  reduced  by  up 
25  percent,  while  COD,  TKN,   total  phosphorus,  and  zinc  may  be 
reduced  by  up  to  10  percent. 


to 


Grassed  waterways,  swales,  and  filter  strips  can  be  effective,   if 
the  water  velocity  is  kept   low  (0.5  to  2  m/sec),  and  for 
nonsubmerged  flow  conditions.  During  this  study,   the  swales  were 
quite  effective  in  reducing  runoff  volumes   in  the  Thistledown 
catchment.  No  runoff  was  found  in  the  swales  during  rain  events  up 
to  approximately  13  mm .  Novotny  and  Chesters  (1981)  say  that  a 
filter  strip  of  approximately  30  to  120  meters   in   length  may 
totally  remove  runoff  pollutants.   The  filter  media  must  be 
monitored,  and  revegetated  before  the  settled  material  dislodges. 

Detention  basins  received  a  lot  of  interest  during  the  Nationwide 
Urban  Runoff  Program  (EPA,   1983)    It  was  found  that  dry  basins  did 
not  remove  significant  amounts  of  pollutants  due  to  the  flushing 
out  of  settled  material,  but  that  wet  basins  reduced  pollutant 
loads  by  approximately  95  percent.  These  wet  detention  basins  were 
sized  to  cover  approximately  one  percent  of   the  contributing 
drainage  area. 

Tables  7.1   through  7.3  su  mm  arize  the  performance  of  many  of   the 
drainage  area  control  measures.   The  most  effective  control  devices 
are  described  in  more  de'ail   in  the  following  subsections. 

7.3.1  INFILTRATION  CONTROLS 

Infiltration  controls  should  be  considered  for  sidewalks, 
driveways,  paved  parking  areas,  walkways,  paved  playgrounds,  and 
connected  roofs.  The  effectiveness  of   infiltration  controls   is 
dependent  on  the  design  of  the  infiltration  devices  and  the  local 
soil  and  subsoil   infiltration  (percolation)  capabilities.  The 
importance  of   these  design  parameters  is  extensively  documented   in 
the  Manual  of  Practice.  Tables  7.1  and  7.2  show  the  effectivenesses 
for  alternative   infiltration  devices  for  an   industrial   (e.g.  Emery) 
and  a  residential/c  omme  rcial   (eg.   Thistledown)  catchment. 

Typical   infiltration  devices  can   include  perforated  sewerage,  grass 
swales,  simple  redirection  of  roof  runoff  to  pervious  areas, 
percolating  collection  pools,  and  infiltration  trenches.  As  noted 
above,  almost  complete  control  of   surface  runoff   is  possible  with 
well  designed   infiltration  devices.  Care  must  be  taken  to  prevent 
ground  water  contamination. 

7.3.2  WET  DETENTION  BASIN  SOURCE  AREA  CONTROLS 

Wet  detention  basins  can  be  effective  for   treating  the  runoff   from 
parking  areas  and  connected  roofs.  The  wet  basins  are  most 
effective  for  reducing  particulate  pollutants.  Table  7.2  shows  the 
effectiveness  of  using  wet  detention  source  area  controls  to  treat 
large  industrial   roofs  or  parking  areas.   Table  7.3  shows  that  wet 
detention  basins,  sized  to  be  approximately  one  percent  of  the 
contributing  paved  area,  can  control  approximately  65  percent  of 
the  particulate  residue,  approximately  40  percent  of   the  COD  and 
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TABLE  7.3 

Sewerage  and  Outfall  Controls 


Catchbasin  Cleaning: 

Twice  per  year  cleaning  in  residential,  commercial,  institutional, 
and  industrial  areas 

Estimated  Reduction 

Flow  o  y. 

Suspended  solids  18X 

Lead  187. 

COD  87. 

TKN  87. 

Phos.  87. 

Zinc  87. 


Grass  Swales: 


Designed  to  obtain  significant  infiltration 

Land  Use  Flow  and  Pollutant  Reduction 

Residential  90% 

Commercial  SOX 

Institutional  50X 

Industrial  457. 

Open  Spaces  957 

Freeways  757 

Outfall  Wet  Detention  Basins: 


Flow 

0  7. 

Suspended 

sol 

ids 

90  •/. 

Total  soli 

ds 

<10  7. 

Di  ssol ved 

sol 

ids 

<io  •/. 

COD 

55  7. 

5-day  BOD 

55  7. 

Phos. 

55  7. 

Zinc 

55  7. 

TKN 

36  7. 

Lead 

80  7. 

Copper 

80  7. 

Constituent  Reduction  for: 

"Large"  basin       "Small"  basin 

0  7. 
65  7. 

<  1  o  •/. 

<  1 0  7. 
40  7. 
40  7. 
40  7. 
40  7. 
25  7. 
60  7. 
60  •/. 


Estimated  areas  required  for  basins  (square  meters  of  basin 
per  hectare  of  watershed): 

Land  Use            "Large"  basin  "Small"  basin 

Residential         320  (0.87.)  120  (0.37) 

Commercial          680  (1.77.)  240  (0.67.) 

Institutional       680  (1.77.)  240  (0.67.) 

Industrial          800  (27.)  320  (0.87.) 

Open  Space         240  (0.67.)  SO  (0.27.) 

Freeways            1120  (2.87)  400  (17.) 

U  I-"  I     I     •  • 


phosphorus,  and  up  to  approximately  60  percent  of   the  heavy  metals. 
Larger  wet  basins  (sized  to  be  up  to  approximately  three  percent  of 
the  contributing  paved  area)  can  produce  larger  reductions  in 
pollutants.  The  Manual  of  Practice  extensively  documents   the  use 
and  design  of  wet  detention  basins. 

7.3.3  SEWERAGE  CONTROLS 

The  benefits  of  sewerage  controls  are  shown  on  Tables  7.1  through 
7.3.  These  controls  include  catchbasin  cleaning  and  the  use  of 
grass  swales.  The  most  effective  catchbasin  cleaning  frequency  is 
approximately  twice  per  year.  Grass  swales  reduce  runoff   flows  and 
pollutant  discharges  mostly  through   infiltration  and  must  be 
properly  sized  to  provide  the  desired  control  effectiveness.  The 
design  and  use  of  grass  swales  is  discussed  in  the  Manual  of 
Practice.  Because  grass  swales  operate  as  infiltration  devices, 
ground  water  contamination  may  occur,  especially   in   industrial 
areas  . 

7.3.4  OUTFALL  CONTROLS 

Outfall  controls  serving  the  entire  watershed  can  also  be  used  to 
reduce  the  pollutant   load.  The  most  c  ommo  n  outfall  control   is  the 
use  of  a  wet  detention  basin.  Tables  7.1  and  7.2  show  the  effects 
of  outfall  wet  detention  basins  for   the   industrial  and  the 
residential   catchments   Table  7.3  also  s  umma  rizes  the  effectiveness 
expected  from  wet  detention  basins  for  different   land  uses  and 
basin  sizes.  Various  outfall  controls  are  also  discussed  in  the 
Manual  of  Practice. 

7.4   CONTROL  EFFECTS  FOR  DIFFERENT  LAND  USES 

The  effects  of   the  different  source  area  controls  on  outfall   runoff 
quality  and  flow  rate  varies  greatly,  depending  on  the   land  uses. 
Tables  G.I  through  G.17  su  mm  arize  the  effects  at  the  outfall  of  the 
alternative  source  area  controls.  The  effects  are  shown  as 
"fractions  removed  at   the  outfall"  for  each  control  option  and 
pollutant  or   flow.   These  fractions  should  be  multiplied  by  100  to 
obtain  the  reduction  as  a  percentage.  When  evaluating  a  control 
program  made  up  of  several  components,   fractional   utilization 
values  are  needed  for  each  alternative  control    For  example,   if 
weekly  street  cleaning  is  used  on  25  percent  of   the  streets,  and 
monthly  street  cleaning  is  used  in  the  other  75  percent  of   the 
streets  for  the  same  land  use  area,   then  a  fractional  utilization 
value  of  0.25  is  given  for  weekly  cleaning  and  0.75   is  given  for 
cleaning  once  per  month   Obviously,   the  total  of   the  fractional 
utilization  values  cannot  exceed  1.0  for  any  one  source  area  (e.g. 
smooth  streets,  parking  lots,   connected  roofs,  etc.).  These  tables 
all  assume  100  percent  utilization  for  each   individual   control.   If 
a  control   is  not  used  throughout  the  whole  contributing  area,  then 
the  expected  control  benefits  must  be  appropriately  adjusted. 

Only  those  controls  expected  to  have  significant   reductions   in  the 
pollutant   load  at   the  outfall   (usually  greater   than  ten  percent) 
are  shown  on  Tables  G.l   through  G.17.  For  example,  only  street 
cleaning  of  smooth  streets,  and   infiltration  of   runoff   from 
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sidewalks,  driveways,  and  connected  roofs  are  expected  to  be 
important  in  low  density  residential  areas  (Table  G.I).  Ttie  same 
restrictions  on  controls  exist  for  old  and  recently  built,  high 
density  residential  areas  (Tables  G.3  and  G.43.  The  specific 
benefits  for  each  type  of  control   for  these  three  source  areas  vary 
greatly.  Street  cleaning  of  smooth  streets  once  per  week  in  low 
density  residential  source  areas  is  not  expected  to  produce  any 
significant  reductions  in  particulate  residue  (suspended  solids) 
load  at  the  outfall.  The  same  street  cleaning  effort  in  old  high 
density  residential  areas  is  expected  to  produce  an  approximately 
35  percent  reduction  in  total   residue  load,  compared  to  no  street 
cleaning.   In  newer,  high  density  residential  areas,  however,  this 
weekly  street  cleaning  effort  may  only  produce  a  20  percent 
reduction  of  particulate  residue  at  the  outfall.  These  differences 
are  caused  by  the  varying  importance  of  smooth  streets  in 
contributing  particulate  residue  to  the  outfalls  for  each  land  use 
a  r  e  a  - 

Re  c  omme  ndations  for  control  options  for  land  uses  found  in  the 
study  area  are  discussed  in  the  following  subsections. 

7.4.1  RESIDENTIAL  LAND  USES 

Street  cleaning  in  most  residential  areas  may  cause  significant 
reductions  in  the  loads  of  phosphorus,  fecal  coliforms,  and  to  a 
lesser  extent,   lead,  at  the  outfall,  compared  to  no  cleaning. 
Acknowledging  the  current,  but   infrequent,  street  cleaning  efforts, 
only  minor  further   improvements  may  occur   if   the  frequency   is 
increased.   It  is  difficult  to  justify  increasing  street  cleaning 
beyond  approximately  one  pass  every  month  or  every  two  weeks. 
Spring  cleanup  and  fall   leaf   removal  are  expected  to  be  very 
important  and  should  be  encouraged. 

If   roof  runoff   is  not  currently  directed  away  from  building 
foundations,  walkways  and  driveways  towards  pervious  areas  (grass], 
then  a  retrofitting  program   of  redirecting  this  runoff  can  be  very 
cost  effective.  High  rise  apartments  have   large  paved  parking 
areas.   Infiltration  of   the  runoff   flows  associated  with  these  paved 
areas  would  significantly  reduce  the  flow  and   load  of  many 
p  o  I  I  u  t  a  n  t  s  . 

The  most  practical   runoff  control   for   lower  density  residential 
land  use  areas  is  grass  swales  instead  of  concrete  curb  and  gutter 
systems.   These  have  been  shown   in  monitoring  programs  to  be  as  much 
as  90  percent  effective  in  reducing  flows  and  pollutant   loads.   If 
grass  swales  currently  exist   in  an  area,  changing  to  curb  and 
gutter  systems  should  be  strongly  discouraged.  Ground  water 
contamination  from  grass  swale  infiltration  in  residential  areas  is 
not  expected  to  be  important. 
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7.4.2  INSTITUTIONAL  LAND  USES 

Street  cleaning  benefits   in  school  and  hospital   institutional   areas 
would  be  similar  to  those  previously  described  for  most  residential 
areas.  The  current   levels  of  street  cleaning  are   important,  but 
increases  beyond  bi-weekly  cleaning  would  not  be  justifiable. 

These  land  uses  have  large  areas  of  parking  lots,  paved  playing 
areas  and  connected  roofs.  Redirection  of  runoff   (lows  from  these 
areas  to  pervious  areas  would  encourage  infiltration.  Redirection 
would  also  produce  significant  reductions  in  runoff  volume  and 
loads  of  most  pollutants.  Grass  swales  are  also  applicable  for 
institutional   land  uses  and  can  be  very  effective. 

7.4.3  COMMERCIAL  LAND  USES 

Street  cleaning  at   low  levels  of  effort   in  strip  co  mm  e  r  c i a  I  and 
office  areas  is   important.  However,   increases   in  frequency  beyond 
current   levels  may  not  be  worthwhile. 

The  infiltration  of  runoff  from  paved  parking  and  roofs  is  the  most 
effective  source  area  control  option  for  all   co  mm  ercial  areas, 
including  shopping  centers.  Pretreatment  of  water   to  be   infiltrated 
may  be  necessary  to  reduce  the  potential   for  ground  water 
contamination.  Grit  chambers  with  oil  and  grease  traps  should  be 
the  minimum  pretreatment  required   In  a  c  omme  rcial   setting.  Shopping 
centres  may  be  best   treated  with  wet  detention  basins,  with  sealed 
linings  to  significantly  reduce  ground  water  contamination 
potential . 

7.4.4  INDUSTRIAL  LAND  USES 

Some  increases   in  the  frequency  of  street  cleaning   in   industrial 
areas  may  reduce  the  pollutant   loads  at   the  outfall    The  existing 
cleaning  frequencies  (next  to  nothing)  should  be  increased  to  at 
least  once  per  month. 

Infiltration  of  runoff   from  paved  parking  and  storage  areas  and 
roofs  would  contribute  to  a  significant   reduction   in  pollutant 
loads,  but  would  require  pretreatment   for  most   source  areas. 
Because  of   the  heavily  contaminated  dry  weather  base  flows  from  the 
industrial  area  monitored  during  this  Pilot  Watershed  Project,  wet 
detention  basins  at  the  outfalls  of  industrial  parks  are  strongly 
encouraged.  These  basins  will  produce  some  attenuation  of  both  wet 
and  dry  weather  pollutant  discharges.  More  importantly,  the  basins 
will  offer  an  opportunity  to  control   spills  that  enter   the  storm 
drainage  syst  em . 

Grass  swale  drainage  does  not  currently  occur   in  the  monitored 
industrial  area  (Emery).  The  use  of  grass  swales   in   industrial 
areas  may  contribute  to  the  contamination  of  ground  water  by  the 
heavily  contaminated  runoff  flows  observed. 
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7.4.5  OPEN  SPACE  LAND  USES 

Open  space  areas  are  relatively  unimportant  sources  of  runoff  and 
pollutants.  However,   important   losses  through  erosion  can  occur 
from  bare  ground  or  steep  hills,  especially  if  they  are  located 
near  the  storm  drainage  system.  Careful  evaluations  of  erosion 
potential  should  be  made  for  open  space  areas,  especially  if  they 
are  undergoing  development.  Minimum  levels  of   street  cleaning  are 
also  necessary  for  these  areas,  especially  spring  cleanup  if  road 
de-icing  materials  were  used,  along  with  the  effective  infiltration 
of  runoff  from  paved  parking  areas.  Few  roofs  are  expected  in  these 
areas.  Any  roof  drains  should  be  directed  to  the  large  expanses  of 
landscaped  land  available  in  these  areas.  Grass  swales  are  quite 
common  in  open  space  areas  in  the  urban  Number  River  basin  and  are 
very  effective  pollutant  controls. 

7.4.6  FREEWAYS 

Street  cleaning  is  the  major  control  option  available  for  freeways. 
The  benefits  predicted  from  freeway  street  cleaning  are  not 
expected  to  be  very  accurate  because  of  the  lack  of  street  cleaning 
data  for  this  land  use.  However,  cleaning  once  every  three  months 
could  have  substantial  benefits.  Cleanup  as  soon  as  possible  after 
s  n  owme It   in  the  spring  is  a  very  important  control   for  freeways 
because  of  the  extensive  use  of  de-icing  materials.  Another  control 
measure  that  should  be  considered  for  freeways  is  the  infiltration 
of   runoff  water   in  the  pervious  areas  in   the  medians  and  near 
I  nterchanges  . 

7  .5   COST  EFFECTIVENESS  OF  LARGE  SCALE  CONTROL  APPLICATIONS 

7.5.1  CONTROL  OPTIONS  ANALYSED 

Ten  different  control  programs  were  evaluated  for  the  complete 
Number  River  urban  drainage  area.  These  were  made  up  of  various 
combinations  of  the  source  area  and  outfall  controls  described 
above.  These  ten  programs  are  listed  below: 

1)  Increased  street  cleaning, 

2)  Increased  street  and  catchbasin  cleaning, 

3)  Large  wet  detention  basins  serving  25  percent  of  the 
drainage  area, 

4)  Increased  street  cleaning  and  some   large  wet  detention 
b  a  s  ins, 

5)  Infiltration  of  50  %    of   the  runoff   from  residential 
roofs,  high  rise  residential,  c  omme  rcial,  and  parts  of 
the  industrial   roof  and  paved  parking  areas,  currently 
draining  to  pavement, 

6D     Increased  street  cleaning  and  partial   infiltration. 
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7)  Increased  street  and  catchbasin  cleaning  and  partial 
infiltration, 

8)  Partial   infiltration  and  some  large  wet  detention  basins, 

9)  Increased  street  cleaning,  partial   infiltration,  and  some 
large  wet  detention  basins,  and 

10)  Increased  street  and  catchbasin  cleaning,  partial 
infiltration,  and  some  large  wet  detention  basins. 

The  effects  of   the  source  area  and  outfall   controls  were  calculated 
in  the  sensitivity  analysis  report.  These  calculations  were  made 
using  Toronto  /  SL  AMI\i1  and  the  associated  utility  programs,   for   the 
complete  urban  Number  River  basin  and  are  summarized  in  the 
following  paragraphs. 

7.5.2  COSTS  OF  ALTERNATIVE  CONTROL  PROGRAf^^S 

In  order  to  help  select  the  most  appropriate  control  program,  as 
much  information  as  possible  concerning  the  benefits  and  problems 
associated  with  each  complete  control  program  is  needed.  The  Manual 
of  Practice  discusses  each  individual  control   in  detail  and  will   be 
very  important  when  final   selection  of  project   locations  and 
designs  are  made.  A  multi-objective  decision  analysis  procedure 
should  be  used  when  selecting  the  appropriate  control   program    In 
order  to  use  this  decision  analysis  procedure,   the  objectives  of 
concern  must  be  identified  and  the  ability  of  each  alternative 
control  program  to  meet  each  objective  must  be  known.  After  control 
performance,  cost   is  the  most  obvious  objective.  Costs  need  to 
include  both   initial   capital  cost,  and  operation  and  maintenance 
costs.  Other  considerations  that  may  affect   the  selection  of  a 
control  program  include  political   feasibility,   recreation  benefits, 
aesthetics,  safety,  nuisance  potential  and  labor   intensity.  The 
Manual  of  Practice  summarizes  many  of   these  considerations  for   the 
different  controls,   including  how  specific  design  specifications 
can  be  used  to  minimize  the  adverse  characteristics  of   the  control 
opt  ions  . 

It  was  beyond  the  scope  of  this  project  to  identify  the  relative 
importance  of  these  potential  objectives  (tradeoff  functions)  for 
the  Toronto  area  decision  makers.  However,   it   is  relatively 
straight  forward  to  produce  a  simple  cost-effectiveness 
relationship.  This  relationship,  and  the  associated  total 
alternative  costs,  will  probably  be  the  most   important  decision 
consideration.   This  discussion  therefore  briefly  su  mm  arizes  cost 
estimates  used  in  developing  an  estimated  cost-effectiveness 
relationship  for   the  ten  alternative  control  programs  for   the  urban 
Number  River  catchment.  The  cost  estimates  are  expected  to  be 
sufficiently  accurate  for  these  analyses,  but  absolute  costs  for 
specific  Toronto  conditions  can  be  expected  to  be  different.  These 
costs  are  from  the  discussions   in  the  Manual  of  Practice  and  the 
specific  references  are  not  repeated  here. 
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street  cleaning  costs  are  estimated  to  be  approximately  $50  per 
curb-km  cleaned.  This  cost  estimate  includes  all  associated  street 
cleaning  program  costs,   including  equipment  amortization,  equipment 
operating  expenses,  equipment  repairs,   labor,  overhead  and  debris 
disposal.  Based  on  the  measured  street  density  for  each  land  use  in 
the  urban  Humber  River  catchment  and  the  increased  efforts  of  the 
alternative  programs,  approximately  16,000  additional  curb-km  of 
streets  would  be  cleaned.  The  total   increased  street  cleaning  cost 
for  this  control  alternative  is  therefore  estimated  to  be 
approximately  $800,000. 

Catchbasin  cleaning  costs  are  estimated  to  be  approximately  $50  per 
catchbasin  cleaned.  This  cost  estimate  also  includes  all  associated 
catchbasin  cleaning  program  costs.  The  estimated  catchbasin  density 
for  each  land  use  in  the  urban  Humber  River  catchment  and  the 
increased  effort  would  result   in  approximately  60,000  more 
catchbasin  cleanings  per  year  for  this  component  of  an  alternative 
program.  The  increased  catchbasin  cleaning  effort  is  therefore 
estimated  to  cost  approximately  $3,000,000  per  year. 

Infiltration  program  costs  are  divided  into  two  parts: 

1)  redirecting  runoff  from  residential  roofs  currently 
draining  onto  pavements,  and 

2 )  infiltrating  the  runoff  from  large  paved  parking  areas 
and  roofs  in  high  rise,  comme  rcial  and  industrial  areas. 
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Initial  construction  costs  of  large  wet  detention  basins  capable  of 
removing  approximately  90  percent  of  the  particulate  residue  in 
runoff  from  all   land  uses  are  expected  to  be  approximately  $200,000 
per  hectare  of  pond  surface.  The  sensitivity  analyses  showed  that 
approximately  38  hectares  total  of  wet  basin  area  would  be  needed 
to  treat  approximately  25  percent  of  the  land  area  in  the  urban 
Humber  River  catchment.  This  is  approximately  1.1  percent  of  the 
area  served.  Total  construction  costs  for  these  wet  detention 
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basins  is  therefore  estimated  to  be  approximately  $7,600,000. 
Annual  maintenance  costs  are  estimated  to  be  approximately  four 
percent  of  the  initial  construction  cost,  or  approximately  $300,000 
per  year. 

Table  7.4   s  umma  rizes  the  total   initial  capital  costs,  annualized 
capital  costs,  annual  operating  and  maintenance  costs,  and  total 
annual  costs  for  the  ten  alternative  control  programs.  The  total 
annual  costs  are  also  given  on  a  unit  area  basis.  The  annual  costs 
for  the  alternative  programs  range  from  $60  to  $680  per  hectare  for 
the  complete  study  area.   Infiltration  devices  have  very  large 
capital  costs,  but   low  maintenance  costs   Wet  detention  basins  have 
the  next   lowest  costs,  and  an  increased  street  cleaning  effort  has 
the  lowest  total  costs.  The  capital  costs  are  amortized  assuming 
9.5  percent  interest  over  20  years. 

7.5.3   COST-EFFECTIVENESS  EVALUATION  AND  PRELIMINARY 

RECOMMENDATIONS  FOR  CONTROL  PROGRAMS 
The  control  program  effectiveness  and  cost  data  described  above 
were  used  to  prepare  a  simple  evaluation  of  cost/performance  for 
the  ten  alternative  control  programs.  Figures  7.3  through  7.10 
graphically  present  selected  data  plots  showing  total  annual  costs 
verses  percent  pollutant  reductions  and  unit  removal  costs  verses 
maximum  percent  pollutant  reduction  available. 

It  was  shown  in  the  sensitivity  analysis  report  that  the  different 
control  programs  affect  the  different  pollutants  and  flow 
differently   For  example,  only  infiltration  controls  affect  flows 
and  those  pollutants  mostly  in  filtrate  (soluble  or  dissolved) 
forms  ,such  as  total  residue,  filtrate  residue,  phenols,  fecal 
coliform  bacteria,  and  Pseud  omo  n  a  s  aeruginosa  ,  plus  the  other 
"dissolved"  pollutants.  Less  expensive  wet  detention  basin  controls 
affect  only  those  pollutants  associated  with  particulate 
(nontilterable  or  suspended)  solids,  such  as  particulate  residue, 
phosphorus,  total  Kjeldahl  nitrogen,  chemical  oxygen  demand, 
copper,   leaa.  and  zinc   A  combination  of  controls  is  therefore  most 
suitable  in  order  to  remove  a  significant  amount  of  pollutants  at 
the  lowest  cost 
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TABLE  7.4 


Costs  of  Urban  Runoff  Control  Prograis. 


Annual 

Annualized 

Operating 

Total 

Capital 

Capital 

and  Haint. 

Annualized  Cost 

Progrii  Description 

Cost 

Cost 
(note  1) 

Cost 

total 

</hi 

1.  Increased  street  cleaning 

note  2 

note  2 

800,000 

800,000 

60 

2.  Street  and  catchbasin  cleaning 

note  2 

note  2 

3,800,000 

3,800,000 

270 

3.  Wet  detention  basins 

7,600,000 

840,000 

300,000 

1,100,000 

80 

4.  Street  cleaning  and  detention 

7,i00,000 

840,000 

1,100,000 

1,900,000 

140 

5.  Infiltration 

42,000,000 

4,600,000 

lOM 

4,600,000 

330 

6.  Street  cleaning  and  infiltration 

42,000,000 

4,600,000 

800,000 

5,400,000 

390 

7.  Street  and  catchbasin  cleaning  and 

infilt. 

42,000,000 

4,600,000 

3,800,000 

8,400,000 

600 

S.  Infiltration  and  detention 

50,000,000 

5,400,000 

300,000 

5,700,000 

410 

9.  Street  cleaning,  infilt.,  and  deten 

tion 

50,000,000 

5,400,000 

1,100,000 

6,500,000 

460 

10.  Street  and  catchbasin  cleaning,  in 

filt.,  and  detention 

50,000,000 

5,400,000 

4,100,000 

9,500,000 

UO 

note  l:  A  loan  period  of  20  years  and  an  interest  rate  of  9.SZ  Mas  assuied. 

note  2:  Street  and  catchbasin  cleaning  capital  costs  are  included  in  the  unit  annual  rite  used 


FIGURE  7.3  Pollutant  Removals  for  Control   Programs 
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FIGURE  7.4    Unit  Remova 
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FIGURE  7.5    Pollutant  Removals  for  Control 
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FIGURE  7.7    Pollutant  Removals  for  Control   Programs 

Fecal  Coliform  Bacteria 
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FIGURE  7.8   Unit  Removal  Costs  for  Contro 
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FIGURE  7.9  Pollutant  Removals  for  Control   Programs 
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cleaning,   infiltration  and  detention)  and  results  in  a  smaller 
reduction  of  particulate  residue.  Program  #10  (street  and 
catchbasin  cleaning,   infiltration,  and  detention)  includes  all  of 
the  individual  elements,  resulting  in  the  highest  cost  and  the 
greatest  particulate  residue  removals. 

The  three  cost-effective  clusters  are  therefore  programs  #3  and  «4 
at  $1   to  £2  million  per  year  giving  26  percent  control,  programs  *8 
and  *9  at  approximately  $6  million  per  year  giving  approximately  44 
percent  control,  and  program  #10  at  approximately  $10  million  per 
year  giving  approximately  47  percent  control.  Unless  the  extra 
level  of  control  was  needed,   it  would  be  hard  to  justify  program 
#10  (everything).   The  most  reasonable  programs  are  probably  either 
#8  or  #9,  depending  on  other  objectives. 
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When  total  Kjeldahi   nitrogen,  phosphorus,  COD,  copper,  and  zinc 
"cost-effectiveness"  plots  are  examined,   it   is  clear   that  program 
#8  (infiltration  and  detention)  allows  much  more  pollutant  removals 
to  be  obtained  at  a  relatively  low  unit  cost  as  compared  to  the 
other  control   programs.   If  flow,   total   residue,   filtrate  residue, 
fecal  coliform  bacteria,  and  pseud  omo  n  a  s  aerug i nosa  are  the  most 
important  constituents,   then  program  #5  (infiltration  alone)   is  the 
most  cost-effective  solution.   The  most  general   rec  omme  nded  control 
program  is  therefore  program  #8  (infiltration  and  wet  detention). 
In  order   to  obtain  significant  bacteria  reductions,   it  may  be 
necessary  to  use  disinfection  in  conjunction  with  wet  detention. 
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7.5.4  ANALYSES  FOR  INDIVIDUAL  NUMBER  RIVER  SEWERSHEDS 
Fifteen  separate  sewersheds   in  the  urban  Humber  River    catchment 
were  evaluated  in  the  sensitivity  analysis  report   to  estimate 
current   levels  of  pollutant  discharge  and  possible  reductions  of 
runoff  and  pollutant   loading  using  the  reco  mm  ended  control  program. 
The  re  comme  nded  control  program  is  listed  below: 

1)  the  use  of  wet  detention  basins  serving  25  percent  of   the 
ca  t  c  hme  n  t  , 

2)  the  infiltration  of   runoff  from  approximately  one  half  of 
the  residential   roofs  currently  draining  to  pavement,  and 

3)  the  infiltration  of  approximately  one  half  of  paved 
parking  and  storage  areas  and  roofs  in  high  rise 
residential,   industrial,  and  comme  rcial  areas. 

The  total  annual  cost  for   this  program  in  the  urban  Humber  River 
catchment  was  estimated  to  be  approximately  $5.7  million  per  year 
C$410  per  hectare  per  year).  The  anticipated  reductions  in 
pollutants  for   this  program  are   listed  below: 

1)  five  to  ten  percent   for  bacteria, 

2)  •   fifteen  to  20  percent  for  flow,   total   residue,  and 

filtrate  residue,  and 

3)  30  to  45  percent   for  particulate  residue,   nutrients,  COD, 
phenols,  and  heavy  metals. 

If   larger   reductions   in  bacteria  are  required,   then  substantial 
cost   increases  may  be  needed  for  disinfection   in  conjunction  with 
wet  detention  basins. 

The  performance  of   the  rec  omme  nded  control  program  varies 
substantially  for   the  different  sewersheds.  For  example,   flow 
reductions  vary  from  nothing   in  sewershed  #3.3.50  (mostly  medium 
density  residential   and  open  space)   to  as  much  as  42  percent   for 
sewershed  #3.3.56  (a  small  watershed  mostly  of  industrial   land 
use).  However,   reductions  of  heavy  metal  discharges  by 
approximately  30  percent  are  expected   in  sewershed  #3.3.50. 
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